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GIVING ASSURANCE 


To develop furnaces abead 
of industry's needs, Surface 
Combustion maintains a 
Research and Developmen 
Division exceeding by far in 
activity anything known in 
the industry. 


In these laboratories, fu 
under actual operating c 


ns to assure indu ecessful results. 


Almost every major furfiace improvement or hea ting process during the past 
many years has been pioneered and developed here. During this time much know!- 
edge has been gained from these activities, and much experience has been derived 
from thousands of installations of SC equipment. 


Utilise this experience by consulting these engineers about your own heat treating problems. 


Surface Conibustion Corporation 


TOLEDO, OHIO Sales and Engineering Servict ia Pringipal Cities 


In addition to a complete line of Standard Rated Furnaces and Standard Burner equipment, 
Surface Combustion designs and builds furnaces for either batch or continuous Carburiz- 
ing, Hardening, Drawing, Annealing, Galvanizing, Forging. Also Controlled Atmosphere 


furnaces for bright annealing of ferrous or non-ferrous metals, for gas carburizing, forg- 


ing, nitriding or clean hardening of steel—for either batch or continuous operation. 


@ In this departmen}cregth@ engineering expert tantly at work improving 
: and developing ne rg advanced methods ¢ t tréating. They are contribut- 
ing value beyo urnace. Procesg@® a erpreted into mecbayj for con- 
tinuous pre where lubricatién§fs ossible...where te prohibit 
some of simplest mechanica Figs... where atmospherj rol is essential. 
yuilt and perfected. Piggare thoroughly tested 
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NE of the largest, most 

modern and most complete 
carburizing and heat treating 
plants in the country is an impor- 
tant source of the practical car- 
burizing experience possessed by 
The Timken Steel and Tube Com- 
pany. It is also the proving ground 
for Timken Carburizing Steels. This 
plant is operated by The Timken 
Roller Bearing Company—one of 
the world's foremost authorities 
on carburizing and heat treatment. 


ROOD STEEL / 


With such a background plus the 
scientific metallurgical knowledge 
accumulated through years of in- 
tensive specialization, it is only to 
be expected that Timken Carbur- 
izing Steels should perform so 
economically. If you use carbur- 
izing steel—no matter for what 
purpose—it will pay you to per- 
mit us to analyze your applications 
—and suggest the correct grade 
of Timken Steel for your fabri- 
cating and service requirements. 


THE TIMKEN dae AND TUBE COMPANY, CANTON, OHIO 
Dis Office Representation i ollot cities Detre vit Chicago “pl Boston adel; 
acuse Tulsa Cleveland Erie Id’s ducer of Electric Furnace 5 
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DUOZINC 


REG. U. S. PAT. OFF. 


gives LOW-COST 


Protection agains 


Corrosion 


“Zine coatings should be used wherever protection 
against corrosion is the primary consideration.” That 
is the statement made by authorities in evaluating the 
use of metals for electroplating. 


The low cost of zine. combined with its outstanding 
protective power, gives it a decided economic ady antage 
for rust-proofing steel. And when you use zine in the 
form of Duozinc, you have the most efficient method 
of applying zine coatings. 


Dvozine is a zine-mereury product and process for 
electroplating. Its mercury content aids in forming 
durable, exceptionally fine-grained deposits —offering 
“more-than-usual” resistance to the ravages of atmos- 
pheric corrosion. In addition, the mercury content 
improves the throwing-power. so that smooth and deeply 
recessed articles are uniformly coated. From a manu- 
facturing standpoint the mercury in the Dvuozine 
process presents additional economies through simplified 
control of the solution by reduced sludge formation. 
lower operating cost and less frequent solution 
manipulation. 


If your operation demands a process embodying these 
features 

1. Effective medium for protection 

2. Even coating of protective layer 

3. Protection in recesses 

1. Easy application of coating 

5. Low operating costs 

6. A product with definite sales advantages 


investigate Duozine. Send the coupon on the right 
for your copy of descriptive literature. 


FILL IN . . . CLIP . . . MAIL 


The R. & H. Chemicals Dept. 
KE. 1. du Pont de Nemours & Co., Inc. | 
Wilmington, Del. 


Gentlemen: Please send me my copy of descriptive literature 
on DUOZING. Lam particularly interested in plating 


Name 


Position 


| Company 


| Street Address 


Town and State | 


INVESTIGATE QU POND KIL Chemicals 


REG. PaT. OFF 
For Electroplating : DUOZINC* (Zine-Mercury) Anodes; PUROZINC* (Pure Zinc) Anodes; CYANEGG* (Sodium Cyanide, minimum strength 
96%); Gold, Silver, Copper, Zinc, Nickel, Potassium Cyanides; Sodium Stannate and Sodium Acetate for Electrotinning; Non-Flammable 


Solvents for Degreasing; Other Chemicals. 


THE “R. & H! CHEMICALS DEPT., E. 1. DU PONT DE NEMOURS & CO., INC., WILMINGTON, DEL. 


"REG. U. S. PAT. OFF. 


District Sales Offices : ‘BALTIMORE - BOSTON - CHARLOTTE CHICAGO CLEVELAND KANSAS CITY 


NEWARK NEW YORK PHILADELPHIA 
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Petroleum Refineries Consume Large Quantities of 5% Chromium Steel Tubing for Its Superior Cor 
; sion and Heat Resistance. Photo taken in Whiting plant of Standard Oil Co. by Underwood & Underw: 
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STEELS WITH 


UP TO 


CHROMIUM... 


HROMIUM STEEL was the first alloy steel 
to be commercialized. It also was a distinctively 
American development, for Julius Baur estab- 
lished the Chrome Steel Works in Brooklyn in 
1869, a plant which operated under that name 
for more than 50 years. 

These early alloy steels were used for their 
unusual hardness, and their modern counter- 
parts exist in the S.A.E. 5120 steel for case 
hardening purposes and the S.A.E. 52100 for 
roller and ball bearings. It is my present inten- 
lion to review some developments of the last 
few years in chromium steels containing more 
alloy than the above mentioned, vet not enough 
to bring them into the true “stainless” class. 

One of these was suggested after studies 
at Union Carbide & Carbon Research Laborato- 
ries wherein advantage is taken of three alloying 
elements, chromium, manganese, and_ silicon 


. 


(hence its name “cromansil”). It was developed 
primarily to provide a material with higher 
physical properties than plain carbon steel in 
ve as-rolled condition. The percentage of alloy- 
g elements is small and this, combined with 
‘e fact that heat treatment may be eliminated, 

eps it out of the higher priced class of 


=PTEMBER, 1934 


By S. M. Norwood 


Union Carbide & Carbon Corp. 


New York 


steels dependent upon heat treatment to bring 
out the advantages of the alloying elements. It 
generally contains 0.40 to 0.60 chromium, 1.10 
to 1.30% manganese, and 0.60 to silicon. 
Carbon content may be varied according to the 
physical properties desired. 

Silicon contributes its well-known benefit in 
increasing the vield point without detrimental 
loss of machinability, which often results from 
other hardening elements. There is some in- 
crease in tensile strength due to silicon, but the 
manganese is much more important insofar as 
that is concerned. The combined benefits of sil- 
icon and manganese, widely recognized through 
the use of silicon-manganese steels for springs, 
is emphasized still more when chromium is 
added. 

Thus, the cromansil steels, as rolled, have 
improved ductility as compared with the plain 
manganese steels with the same carbon content 
and the same ultimate strength. This benefit of 
chromium is even more pronounced in compo- 
sitions having high ultimate strength. 

Data on the physical properties have been 
given to readers of Merat ProGress by Richard 
Tull in the February, 1932, issue, and need not 
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Suflice it to say that structural 


be repeated. 
shapes having 65,000 psi. (lb. per sq.in.) yield, 
99,000 psi. ultimate, 27°7 elongation in 2 in., 64. 
condition 


reduction of area in the = as-rolled 
(Brinell 200 to 220) are particularly desirable 
for large structures where weight should be re- 
duced without going out of range in cost. 

Some information secured since Mr. Tull’s 
article will now be noted: 

Fatigue limit is high, being about 55‘. of 
the ultimate strength. Specimens tested in a 
Farmer testing machine did not fail after 10 mil- 
lion revolutions as follows: Staybolt analysis 
C, 0.25¢7 Cr, 1.1260 Mn, 0.875 Si) nor- 
malized at 1790° F. did not fail at an alternating 
load of ©38,500 psi. The structural grade (0.32°, 
C, OMB Cr, 1.0750 Mn, 0.94 Si) was tested in 
two conditions. Normalized at 17907 F., it did 
not fail at +50,000 psi.; oil quenched from 1700 
F. and drawn at 1100° F., it did not fail at 
70,000 psi. 

Low carbon ranges of cromansil steel have 
been found to retain their toughness at low tem- 
peratures to a remarkable degree. For example, 
one containing 0.065) carbon gave a Charpy im- 
pact value of 59 ft-lb. at room temperature, 51 
ft-lb. at O° F., 41 ft-lb. at —40° F., and 37 ft-lb. 
at —60° FF. Low temperature impact is receiv- 
ing much consideration at this time and the re- 
tention of the toughness by this steel is, in gen- 
eral, above the average for steels possessing equal 
tensile properties. 

Coeflicient of expansion is practically iden- 
tical with plain carbon steel. Thermal conduc- 
tivity is about one-quarter that of Armeo iron 
and about 40° that of firebox steel. 

In an oxidation test of nine weeks’ exposure 
to 1500 
weight as plain steel. 


cromansil lost only as much 
This may be attributed 
to the high silicon content, but such steels are 
not generally recommended for resistance to 
high temperature oxidation, as this role is more 
aptly played by the higher chromium steels. 

Creep values at high temperatures are fa- 
vorable, as indicated by the following table com- 
paring them with other well-known alloys. Stress 
noted is that required to produce 1‘, elongation 
in 10,000 hr. at 10000 


Steel Stress 
0.20¢° C cromansil 5750 psi. 
0.26°° C cromansil 6570 
0.20% C 3900 
0.45% C $500 
0.34% C, 3.46% Ni 5000 
0.405 C, 1.306 Ni, 0.660 Cr 6000 
0.40% C, 0.79% Cr, 0.57% V 6000 
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Cromansil Rivets and Structural Shapes Supply a 
Demand for High Strength Members Where W eight 
and Cost Must Be Saved. Photo by Henry Mayer 


Fabrication 
and tests on riveted joints have been conducted 
at Lehigh University and by A. E. Gibson, vice- 
president of Wellman Engineering Co., Clev: 
land. In these tests and in shop practice cro 
mansil rivets have been found to be excellent 
for high strength plate and perhaps superior to 
any high strength rivet available at the present 
The medium manganese high strength 


qualities are also important, 


time. 
rivet containing about 1.5°° of manganese hard 
ens very readily after the riveting operation and 
is difficult to chip, and is, of course, open to thy 
objections found with any rivet material whic! 
hardens excessively when subjected to riveting 
treatment. The cromansil rivet does not harde! 
to such an extent that it is difficult to chip unles: 
the carbon content is too high; up to 0.20') has 
been found very satisfactory. 

As to the other results of these fabricat! 
tests, it will suflice to say that (1) all joints ¢ 
veloped high strength; (2) the butt joints fail 
in tension of the plate at a section through | 
outer row of rivets, and the stress on the net 5 


tion at failure was about 106,000 psi.; (3) the ! 
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‘oints failed by shearing of rivets at a stress in 
single shear of 67,000 psi. for the air hammer joint 
and 78,000 psi. for the hydraulic riveted joint; (4) 
no trouble was experienced at any stage of mak- 
ing these joints. The one conclusion to be drawn 
from the results of these tests is that perfectly 
satisfactory high strength riveted joints can be 
made without any difliculty with cromansil steel 


plate and rivets. 
The above test pieces used low carbon riv- 
ets: since that time sufficient tests have been 


made employing approximately 0.20% 


cromansil which that even 


indicate 


with 


carbon 


this 


higher carbon content very good results can be 
obtained where still higher physical properties 


in the riveted joints are desired. 


Undriven riv- 


ets of such material test Rockwell B-84 and 64,000 
psi. in double shear; after driving, the rivet is 
B-90 hard and has 112,000 psi. in double shear. 


Plain Chromium Steels; 1 to 3% 


There is a considerable amount of physical 


data available upon the forged and rolled steels 


Properties of Cr Steels ; Air Hardened from 1625 F 


_ Drawing Yield | Tensile R [zod Chanpy 
emperature| Strength\ Strength /mpacth/mpect 
1% Chromium, 0.10% Carbon 

44,410 | 60,000 | 47.5 | 75.4 | 88.2 | 62.9 

220 8. 44,050 | 59,190 | 42.5 | 76.0 | 86.6 | 59.6 

Furnace coo!| 32,590 | 53,830 \ 93.0 77.5 | 87.7 60.0 

1% Chromium , 0.30% Carbon 

rwewn | 62,680 | 97,260 | 24.5 | 60.5 | 42.3 | 32.0 

1020 F. 60,7140 | 96,750 | 26.0 | 60.0 | 40.0 | 29.7 

furnace Coo!| 43,910 \ 87,800 \ 28.0 \ 48.9 39.6 | 79.0 
35.15 %Chromium, 0.11% Cerbon 

farawn | 60,570 |102,380 | 719.0 | 49.7 | 29.6 | 24.8 

1020 F 78,400 \172,900 | 78.0 | §7.6 | 34.8 | 26.8 

‘umace C00! 23,670 \ 60,240\ 40.0 \ 78.2\ 88.4) 57.5 
5.15 % Chromium, 0.30% Carbon 

rewn |116,570 |\202.450\ 10.5 | 26.6 | 79.3| 18.5 

1020 F. 737,700 \174,190 | 76.0\ 48.7 | 73.0 75.2 

ace 57,290 87,470 \ 30.0 65.6 \ 12.9 | 28.4 
5.25 % Chromium, 0.10 %Csrbon 

rewn |108,860 \187,420 | 75.5 | 53.2 | 23.3 78.5 

128,850 \169,480 | 76.5 | 57.4 8.7 | 79.7 

COO! | 87,300 | 66,030 | 37.5 75.6 | 76.8 \ 47.0 
5.25 % Chromium, 0.30% Carbon 

|117,260 |221,8350| 73.5 | 357.7 | 77.9 | 75.4 

144,300 \195,950 | 14.5 | 497.2 | 73.3 | 74.5 

®C00/| 33,420 | 78.990 \ 33.5 \ 75.6 \ 79.9 79.4 
7.25 % Chromium, 0.10% Carbon 

awn |117,640 |7192,040 | 73.0 | 42.7 | 20.2 | 27.0 

129,890 \180,330 | 16.0 | 54.3 | 79.4 | 79.3 

C00! | 28,980 | 67,870 | 37.0 \ 77.8 | 96.5 66.6 
7.25 % Chromium, 0.30% Carbon 

wn |122,780 |\2F5,160| 12.5 | 35.4 | 76.6| 9.6 

144,840 |195,300 | 73.0| 47.6 | 75.0| 73.0 

600/| 37,870 | 84,650 | 33.5 | 75.3 | 90.4 | 80.3 


and 3°) chromium, as 


containing between 1% 
well as corrosion data, but I shall discuss only 


generalities at this time. 

Steels of this type develop 
properties by simple heat treatments such as air 
Tempering 


high tensile 
cooling from suitable temperatures. 
will increase the ductility and in some cases im- 
prove the other physical properties. It is im- 
portant to note that high impact values are 
obtained with these high tensile properties. 
These chromium steels respond to air hard- 
ening in much the same manner that the high 
strength structural steels respond to a_ liquid 
quench; for the most part this is due to the chro- 
mium-carbon ratio. Air hardening of a 1% 
chromium steel is not outstanding until the car- 
bon is in excess of 0.35°°. However, as chromium 
rises above 3'°, air hardening is appreciable 
with as little as 0.10°7 of carbon. 
well shown in the adjoining table of physical 
However, the 1% Cr 


These facts are 


properties on this page. 
steel with even 0.30 carbon is not appreciably 
harder (Rockwell test) in the normalized con- 
dition than when annealed. 
As the 
above 


chromium content increased 
the resistance to corrosion is im- 
proved more than the physical properties, 
and the alloys containing upward of 4‘ are 
largely used where corrosion resistance is a 
factor. This statement is made on the basis 
of tests in aerated solutions of water, dilute 
HCl, dilute H.SO, and NaCl solutions aerated 
with both air and H.S. In general, the corro- 
sion resistance increases as the chromium 
present in solid solution increases; of course, 
with a given chromium content the corrosion 
resistance increases as the carbon content de- 
creases. 

Chromium steels have a combination of 
toughness and hardness which makes them 
very suitable for wear resistant parts. In par- 
ticular, the 3°° grade is extremely well suited 
to such parts as rock crushing equipment and 
dipper and dredge teeth. Chromium imparts 
a unique depth hardening quality which sim- 
plifies heat treatment and insures good uni- 
form properties throughout massive sections 
vreatly varving 


and throughout castings of 


section. Considering the fact that chromium 
has the lowest cost of any of the better alloying 
elements used in steels, it is evident that 
through its use the metallurgist can often ob- 
tain the maximum in properties at the mini- 
mum of expense. 

Above considerations indicate an impor- 
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Upon being consulted, our Lab 


oratories furnished a series o 
steels containing between 1 and 
20°° chromium, varying by ap 
proximately 1° steps. These 
were then tested by the oil com- 
pany and 4 to 6% was decided 
upon as giving suitable proper- 
ties for the purpose intended. It 
was not long before seamless 
tubes of this steel were in fairly 
large tonnage production. 

As mentioned before, the 
steels containing 4° of chromium 
are air hardening with as little 
as 0.10% carbon, and therefore 
considerable technique is neces- 
sary in the production of large 


Time in Weeks 


tonnages of these steels to avoid 
failure from thermal stresses. 

It is now general knowledge 
that all such seamless tubes of 
Cumulative Loss by Oxidation of Small Cylinders Heated in Air this composition should be fur- 
at 1500° F. for Long Periods of Time. Proper amounts of titanium nished in the dead annealed con- 
greatly increase the scale resistance compare curves 8 and 3 dition and that the sensitivity to 
temper embrittlement is more 
pronounced if the rolled mate- 


Loss in Weight, Grams per 5Sg./n. 


tant use of 3°¢ Cr, 0.8007 C steels for main line rial has not had an anneal at a temperature 
railroad rails, as described fully by Prof. Water- above 14507 F. 
house in Merat ProGress in April. Service rec- A prominent engineer described extensive 
ords for the last five years have been most service experience with these tubes at one of 
satisfactory and substantiate anticipations based the refineries before the meeting of the A.S.T.M. 
on laboratory and mill tests. They have a com- in June. After several campaigns at 1000 to 
bination of strength, toughness and wear resist- 1200° F. the tubes acquire a certain brittleness 
ance that is unique, so far as we know. at winter temperatures (16 ft-lb. for V-notch 
Charpy specimens as compared with 50 for an 
4 to 6% Chromium Steel unused tube), but the impact resistance is en- 


tirely recovered at boiling water temperatures. 

A great deal of interest has been developed It is the practice, therefore, to fire each unit of 

in the 4 to 6% chromium 
steels in the last few vears. 
It may be well to know a lit- Effect of 0.80% Titanium on 4.75%Cn012%C Stee! 


tle bit of the history back of - . 1 
Ti- | Elastic | Tensile \ Elon- | Reduc- 


their development. Heat Treatment tanium| Limit |\Strength\gation| tion 
Several vears ago one of 
the large oil companies As rolled none | 60,000 |\786,000 | 12.5 | 30.2 | 375 


wished to secure steels with 0.80%| 35,000 | 67,500 | 27.0 | 57.4 157 
a minimum investment which 1600°. for none | 80,000 | 162,000 | 11.0 | 26.5 | 
cooled 0.80%| 20,000 | 60,000 | 37.0 59.7 | 72 
would resist corrosion consid- 
1600 °F. for 7 hr., none | 25,000 | 78,000 | 37.5 | 72.9 | 147 


erably better than plain car- furnece cooled 78) 0.80%| 79,000 | 60,000 | 34.0 | 67.4 | 124 


bon steel (particularly in oil (AJ, then air \| none | 54,000 | 87,000 | 27.5 | 74.5 | 178 
refineries) — something inter- cooled from 1425. § |\0.80%| 20,000 | 61,000 | 35.2 | 65.6 | 123 
mediate in corrosion resist- (B/, then furnece none | 21,000 | 66,000 | 35.5 | 75.2 | 137 
ance between plain carbon cooled from 1425°F. } |\0.80%)| 18,000 | 60,500 | 38.7 77.9 | 123 


steels and the stainless steels. 
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refinery equipment containing chromium 
tubes with steam after each shut-down for clean- 
ng, and make a pressure test to discover any 
leakage from an occasional cracked tube before 
running in the oil. 

A de-coking method has been in the process 
of development for the past vear or so which 
removes the deposited coke and carbon with an 
“oxygen lance.” This method avoids the me- 
chanical shocks, so detrimental to the life of the 
tube, which are encountered when the present 
type of knocker is used for de-coking the tubes. 

At first the material was furnished without 
the addition of other alloying elements; a little 
later additions were made to the extent of ap- 
proximately 42°¢ molybdenum or 1° tungsten. 
There are still many schools of thought as to the 
advantages of the different alloying additions. 
There is apparently an improvement in creep 
values with the alloying additions, and other ad- 
vantages are too controversial to discuss here. 

The 5° chromium alloys, with or without 
molybdenum or tungsten, are reported to give 
a life of 3 to 20 times that obtained with ordinary 
carbon steel. It is known that the resistance to 
oxidation at elevated temperatures increases as 
the carbon content of these steels decreases 
in other words, the amount of chromium in solid 
solution is really the measuring stick for resist- 
ance to corrosion or high temperature oxidation. 
It may be for this reason that the addition of 
molybdenum or tungsten in small amounts tends 
to increase the resistance to corrosion, as both 
are carbide-forming elements, thus interfering 
with the free formation of chromium carbide, 
and retaining chromium in the solid solution. 

There is an apparent discrepancy in this, 
as certain tests have indicated that this class of 
steel with the addition of molybdenum or tung- 
sten has shown a lower resistance to oxidation 
at elevated temperatures, yet at the same time 
they have shown an increase in corrosion resist- 
ance. It is the writer’s opinion that such dis- 
crepancies would disappear if comparisons were 
made on materials which have received the same 
heat treatment and which contained the same 
percentages of chromium and carbon. It might 
also be mentioned here that silicon likewise 
plays an important part, particularly as regards 
resistance to oxidation at elevated temperatures, 
ind for that reason the silicon content should 
ilso be considered when comparisons are made. 

A very interesting development from our 
‘aboratories has to do with the addition of ti- 
‘anium. Titanium eliminates the air hardening 
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Medium Carbon Steel With 3% Chromium Has That Unique 
Combination of Strength, Toughness, and Wear 
Demanded by Rails and Tires. Photo by Hoedt for Wm. Sellers 


characteristics of these alloys when present in 
the proportions of 4 to 6 times the carbon con- 
tent. It is to be remembered that the ability to 
produce increased physical properties by heat 
treatment is also eliminated. Figures in the ta- 
ble on page 20, which compare the physical char- 
acteristics of a straight 4!.‘. chromium steel 
with one containing titanium, came from one 
of the large steel companies. 

Elimination of air hardening is important 
in the production of rolled materials, as it avoids 
the necessity for lengthy anneals to put the alloy 
in workable or machinable form. Titanium- 
bearing material “as rolled” will not be much 
harder than Brinell 150, and it is therefore ca- 
pable of being straightened, machined, or having 
other forming work carried out. If it is desired 
to relieve all thermal stresses, it can be annealed 
or heated to about 1600° F. for 15 to 20 min. 

One of the very interesting features which 
was also brought out in our development was 
the improvement in this (Continued on page 96) 
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HEAT TREATMENT 


FOR GRAIN SIZE 


IN CAST STEEL 


UCH attention has been given to the 
grain size of steel “as cast,” although it is seldom 
used in this condition. The influences which pro- 
duce the various structures (such as the appear- 
ance or Widmanstatten plates in 
steels of almost identical composition) are not 
For the purposes of the 


absence of 


thoroughly understood. 
present discussion it may be pointed out that 
vrain size “as cast” has only an indirect influence 
on the response of cast steel to subsequent heat 
treatments, and that influence is principally be- 
cause of its relation to segregation. 

Segregation is the non-uniform distribution 
of chemical elements in the solid metal. The gen- 
eral causes of this segregation are understood 
with some definiteness; as is well known, it is a 
phenomenon inseparable with the process of 
gradual freezing of solid solution alloys, such as 
steel. It will now be shown that a fine, uniform 
grain can be induced in steel castings only after a 
preliminary heat treatment whose main objec- 
tive is to obtain as great a degree of homogeneity 
as possible in a reasonable time. Some grain re- 
finement may be achieved during this prelimi- 
nary treatment, but where a fine, uniform grain 
is desired, a second or third heat treatment is 
usually required, 


By E, Sims 

Asst. Research Director 

American Steel Foundries 
East Chicago, Ind. 


For the purpose of illustrating the principles 
of heat treatment, an intermediate manganese 
steel containing 0.30 to O40 carbon and 1.25 to 
1.50°> manganese will be used. This composition 
is well suited to the purpose because it is a very 
“normal” steel, grain growth is readily accom- 
plished, and the grains are well outlined. In 
fact, it is a steel in which fine grains are difficult 
to obtain. 

The raw or unannealed structure of this steel 
as cast in a 1-in. section is shown at 100 diameters 
in the first group of micros. If such a steel be 
heated slightly above the upper critical tempera- 
ture (say to 1550° F.) for a moderate time, as an 
hour, and allowed to cool in air, a profound 
change in grain structure will take place as 
shown; there is a conglomerate mixture of grain 
sizes, some very large, others quite small. Re- 
crystallization has taken place with the initial 
formation of myriads of small grains. Some 
favored few grew very rapidly; others remained 
almost unchanged in size. If the time of heating 
should be doubled, say to 2 hr., it would be found 
that the large grains had become much larger. 
vet many of the small ones would remain. Tl 
irregularity in size is apparently due to dendriti 
segregation which has not been  satisfactoril) 
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liminated by diffusion during the heat treatment. 
The significance of such a grain structure is 
iat experience has told us that such a steel will 
ot have good physical properties, and it will still 
ave a “raw” fracture. The normalizing tem- 
perature is too low; it will take an impracticably 
ong time to get proper diffusion with the accom- 
»anving uniformity of grain size. Even then the 
vrain size will be too large; the small grains do 
not grow, but they are finally absorbed by the 
larger ones. 

Now if the normalizing temperature is 
stepped 100° higher to 1650° F. and a piece of 
the same steel is held a short time (say, 15 min.), 
a very similar structure is obtained. This also is 
underheated, or “under-annealed” — to use shop 
terminology. But if the piece is held at that 
temperature for 1 hr., it is found that the very 
small grains are almost completely eliminated; a 
much greater degree of uniformity is achieved, 
as shown in the third micro in the first group. 
rhis steel will not break with a “raw” fracture, 
and although the grain size is too large to give 
the best properties, the first hurdle in heat treat- 
ment has been passed. One hour was the mini- 
mum time in which this result could be achieved; 
of course, a considerably longer time would be 
required in practice. 

If another 100° is added, the same result is 
obtained in half the time. The last view in the 


group below gives the results of such a 30-min. 
treatment at 1750° F, 


The above conditions refer to metal as cast 
in 1-in. sections. The first figure in the group on 
page 21 shows conditions at 25 diameters of this 
same steel in the “as cast” condition in the center 
of a 6-in. section. The characteristics are similar 
to the 1-in. section, the principal difference being 
that everything is on a larger scale. A 1-in. cube 
cut from the center of such a section and heated 
to 1650) F. for 1 hr. gave a mixture of coarse and 
fine grains as shown; it will be recalled that 1 
hr. at 1650° F. sufliced to eliminate the very small 
grains in a piece cast as a 1-in. section, but for 
thick sections, 1 hr. is obviously not long enough. 

If the center of a 6-in. cube, cast and treated 
as a 6-in. section, is examined after being heated 
at 1650° F. for 1 hr., we find good confirmation of 
this observation. Such a structure is shown at 
top right of the group on page 24. The slower 
cooling has caused much more ferrite to be sepa- 
rated, some in Widmanstitten plates. The eve 
of the experienced metallographist will readily 
detect evidence of “under annealing” (Cunder- 
heating) in these vestiges of the raw structure. 
(It is true, of course, that Widmanstatten plates 
are found in “over-annealed” or overheated steel, 
but there is a structural difference that can be 
recognized with practice.) 

Going back to the 1-in. cube cut from the 
6-in. section, it was found necessary to heat for 6 
hr. at 1650) F. to break up the cast structure com- 
pletely, and secure a structure almost precisely a 
duplicate of that obtained in the I-in, section in 


raw structure Air cooled after 1 hr. at 1550° F. 


Air cooled after 1 hr. at 16507 F. 


Effect of Preliminary Heat Treatment of Medium Manganese Steel Casting, 
Cast and Heat Treated as 1I-In. Section. All magnified 100 diameters 


Air cooled after 30 min, at 1750 
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1 hr. However, the center of the 6-in. section, 


treated for 6 hr., is as shown in the lower right 


figure below; here again, the slower cooling has 


caused a greater separation of ferrite, but no 


trace of the cast structure remains, and the aver- 


age grain size is seen to be about the same as in 


the piece treated for the same time and tempera- 


ture as a l-in. section. 


At 1550) F. 
about this 


same result; at 1750 


bring 
it was accom- 
plished in 3 hr. 
This brings us 
to two interesting 
The 


first concerns the re- 


conclusions. 


lation of grain 


growth diffu- 
sion to tempera- 


ture: Starting from 


Structures Below Are 
at 100X of 1-In. Cube 


Cut From Center 


it took approximately 12 hr. to 


a point definitely above the upper critical te; 
F.), each 100 
temperature seems to double the initial rate , 


perature (say, 1550 increase 
grain growth and diffusion; that is to say, t) 
time necessary to bring about a certain minimu: 
effect is cut in half. Of course, this relation does 
not hold for prolonged periods, for diffusio 
It is also 
characteristic of grain growth at any given tem 
perature” that th: 


slows up as uniformity is approached. 


Raw Structure of Medium Manganese Casting at 


Center of a 6-In. Section. 


Air cooled after 


1 hr. at 1650° F. 


Air cooled 


after 


6 hr. at 1650° F. 


rate is rapid at first 
and then slows down 
to virtual cessation: 
the higher the tem- 
perature, the larger 
the final 
size. 


average 
If after grain 
growth practi- 
cally ceased, — th: 
temperature — be 


raised, grain growth 


Structures Below Are 
at 100X of the Cen- 
ter of 6-In. Cube 


Magnified 25 diameters 


Air cooled after 
1 hr. at 1650° F. 


Air cooled after 
6 hr. at 1650° F. 
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At Left Is Acicular Structure in 
Double Normalized Steel Due to In- 
sufficient Heating During the First 


Normalizing Treatment; at Right 1s the 

Properly Normalized Center of 9-In. 

Casting. Both magnified 100 diameters 


will again start at favored places but will taper 
off at a larger size. 

The other conclusion is in regard to the re- 
lation between size of section as cast and the time 
required for diffusion and grain growth to a uni- 
form size. The greater section causes slower 
solidification in the mold, resulting in a greater 
degree of dendritic segregation. This greater 
segregation requires a longer time for diffusion 
and this in turn retards the grain growth. For 
this particular steel treated at 1650° F., the time 
in hours required for the minimum desired result 
is proportional to the section thickness in inches 
as follows: A 1-in. section, 1 hr.; a 6-in. section, 
6 hr.; and a 9-in. section, 9 hr. Somewhere above 


9 in., this proportion ceases to hold. 


Influence of Previous Structure 


After homogeneity (lack of segregation) has 
been reasonably well achieved by a proper an- 
neal, it will be assumed that the second heat 
treatment has for its primary purpose the acqui- 
sition of a uniformly fine grain. It is obviously 
difficult to accomplish this during the first treat- 
ment. However, if the first treatment (diffusion) 
lias been properly carried out, it then becomes a 
matter of recrystallization to get a fine grain, 
that is, to form as many crystals as possible and 
prevent the growth of some at the expense of 
thers, 

The general principles of this procedure are 
‘amiliar to metallurgists and need not be detailed 
( this time. In brief, if grain growth is a func- 

on of time and temperature, it behooves one to 
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keep the temperature down and the time short. 
There are, of course, practical limitations in the 
shop due to cost and danger to furnace, and a 
workable margin must be allowed. 

Just as the grain size after the first treatment 
is influenced by the cast structure, so is the grain 
size after any later treatment influenced by the 
previous condition but to a far less important 
degree. When a piece of steel has been under- 
heated in the first treatment, a second treatment, 
which would be correct if it followed a proper 
first anneal, will produce a peculiar acicular struc- 
ture somewhat resembling Widmanstatten plates 
but in a different pattern. Such a structure is 
shown in the left hand view of the pair on this 
page. On the other hand, if the steel has been 
overheated on the first treatment with the pro- 
duction of excessively large grains, the second 
treatment will not be able to give proper grain 
refinement. 

The other micro in this pair shows what can 
be accomplished by proper treatment in the cen- 
ter of a 9-in. section of this steel. 


Influence of Composition 


In discussing the influence of heat treatment 
so far, only one type of steel has been dealt with. 
This was to avoid confusion. But chemical com- 
position itself can exert a strong influence on the 
grain size. 

Carbon has but little effect, even through a 
considerable range. Probably the most effective 
element is vanadium, which is quite remarkable 
in its grain refining tendencies, as shown in the 
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group of three on this page. Of course, vanadium 
does not prevent grain growth, but it does act as 
a strong inhibitor. Just how vanadium accom- 
plishes its effect has never been fully explained. 
Some suppose it to exist in the steel as an oxide 
in submicroscopic dispersion. In this form it 
could act to aid recrystallization by forming in- 
numerable nuclei; with so many crystals formed, 
the struggle for existence would be keen enough 
to prevent a favored few from growing at the 
expense of the rest. Again, it might act merely 
as a mechanical barrier to grain growth, in much 


Alloys Displace the Critical 


Alloys cause steel to be sluggish at the all 
tropic change, and therefore tend to produ 
super-heating or super-cooling, as the case may 
be. It is a well-known law of physical chemistry 
that when crystallization occurs after super- 
cooling it takes place more suddenly and with thy 
formation of many very small crystals, as com 
pared to fewer and larger crystals in the absence 
of super-cooling. The grain refinement caused 
by an alloy will be very nearly proportional to 


A 


At Left and Center Are Medium Manganese 
Steels of Same Composition (Except 01% 
Casting 
The effect of va- 


nadium is unmistakable. Magnified 100 diameters 


nadium in Center Sample) and Same 
and Heat Treating Histories. 


tis 
Wan 


Right View Shows Coarse and Fine 
Va- Grains in One Specimen, Due to 
Segregation of Manganese Near 
Boundaries of Primary Crystals. High 
manganese regions are fine-grained 


the same manner as incorporated thorium oxide 
prevents grain growth in tungsten electric light 
filaments. 

Aluminum acts in a similar manner but with 
less potency. It forms some visible refractory 
inclusions, but there may also be others of sub- 
microscopic size. 

Alloying elements such as manganese, chro- 
mium, nickel, and molybdenum can also greatly 
influence grain size; in general, they tend toward 
grain refinement. Molybdenum is notable in this 
It is probable that they exert their influ- 
their effect on the 


respect. 
ence, indirectly, through 


critical temperatures. 
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the elevation of the allotropic transformation 
above the true critical temperature of the stee! 
when it is heated. 

It seems also to be true that the presence ©! 
an alloying element interferes in some way wil! 
actual grain growth; and alloy steels will often 
stand a higher temperature than carbon steels 
without excessive grain growth. 

An interesting illustration of the effect © 
alloy content on grain size is shown in the aboy: 
group of micros. It was seen in some of t! 
earlier illustrations that ordinary medium ma 
ganese steel has a marked tendency to large gra! 
growth, it being a very normal steel. During 
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dification of a steel, manganese, in common 
any other dissolved constituent, is subject to 
dritic segregation. It is lowest in the centers 
| reaches its maximum richness near the 
indaries of the primary crystals. If for any 
ison, such as being too plentiful, it is not redis- 
buted by diffusion, it will give a mottled ap- 
rrance to the microstructure, as shown. The 
reas rich in manganese are fine-grained and 
sorbitic, while those poor in manganese are 
larger grained and pearlitic. With a trifle faster 
rate of cooling, these fine-grained areas would 


ok 
+ 
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Vicros Showing Effect of Grain Size on Im- 
pact Toughness. Samples from same casting, 
one improperly heat treated to coarse 
grain with Izod impact of I85 ft-lb.; the 
other fine-grained with Izod of 480 


be martensitic. With either very slow cooling or 
quenching from above the critical temperature, 
the mottled structure disappears. 

As to the relation of grain size to the quench- 
ig of cast steel, it can be said that the same laws 
ipply as in the case of other forms of steel. E. 
‘.. Bain in Transactions, A.S.S.T., Vol. 20, p. 385, 

shown in the Campbell Memorial Lecture 

ictors Affecting the Inherent Hardenability of 
yteel” that hardenability is a function of austen- 

grain size, other things being equal. The 
ser grains give greater hardness and deeper 
ietration of the hardening effect. His address 
vorthy of study by all foundrymen. 
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Grain Size Vs. Physical Properties 


Throughout this discussion it has been im- 
plied that a uniformly fine-grained steel is greatly 
to be desired. In general, this is true, for the 
very good reason that fine grains seem to be inex- 


tricably tied up with serviceability. Impact or 


shock resistance, the ability to take and absorb 
punishment, the ability to withstand temporary 
overloads in short, the intestinal fortitude of 
a steel is greater with finer grain size. 

Grain size may vary considerably without 
greatly affecting the static properties of a steel as 
revealed by the standard tensile test. This has 
led many to assume that close control of heat 
treatment is not important. The impact value, 
on the other hand, is greatly affected, and seems 
to be a far more sensitive test of the heat treat- 
ment of a casting than the tensile test. 

An example of this is given in the table. This 


Bar 131-2) Bar 131-3 


Yield point 63,060 66,210 
Ultimate strength 98,240 101,400 
Elongation 27.0 27.3 
Reduction of area 55.7 57.5 
Izod impact 18.5 18.0 


lists the properties of two samples of steel from 
the same heat of a medium manganese-vanadium 
steel. The only difference between these two 
samples is that one was given the correct heat 
treatment while the other received a wrong one. 
It will be noted that there is almost a duplication 
of strength and ductility, but that the Izod value 
of one is only 40° of the other. The left hand 
figure of the final pair shows the structure with 
the low impact strength; this can be regarded as 
relatively coarse-grained. The fineness of grain 
of 131-3 with the higher impact shown at the 
right, is in striking contrast, and one is forced to 
believe that the grain size itself is responsible for 
the difference in toughness (impact). 

It would not be safe, however, to generalize 
and say that fine grain size is always desirable. 
Large grains are easier to machine, for instance. 
In uses where high temperature strength is 
needed, the large-grained casting is superior, 
other things being equal. Spring and Kanter 
have shown that even the raw steel sometimes 
has better high temperature strength than the 
same steel annealed or quenched. See their paper 
entitled “Some Long-Time Tension Tests at Ele- 
vated Temperatures,” given before the A.S.T.M. 
in 1930. 
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PIONEERING METALLURGY IN DETROIT 


William Park Woodside 


(“Bill” to a legion of friends) 


Journeyman blacksmith and tool dresser 

Steel salesman and pioneer serviceman 

Founder, Steel Treating Research Society 

Manager of methods and standards for 

Studebaker Corp. 

President, Park Chemical Co. 

Vice-President, Climax Molybdenum Co. 
‘ Director, American Society for Metals 


Photo by Redman, 
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C. N. Dawe 


.ger, Automotive Division 
adium Corp. of America 


Detroit 


UTOMOTIVE development in the 25 
vears’ existence of the General Motors Corp. is 
so filled with bitter struggles and most laugh- 
able incidents that volumes could be written to 
cover the story. This is especially true of auto- 
motive engineering, culminating in designs which 
now give us an automobile of great speed, com- 
fort, and quietness. However, how many know 
of the important part played by metallurgy in 
making possible this automobile, which runs for 
50,000 to 100,000 miles under the most trying 
conditions of rough handling and speed without 
the failure of a part? 

Do you know that the first laboratories for 
the microscopic study and control of steel and 
its heat treatment were put under way for Gen- 
eral Motors in 1911 by Carl Zimmerschied, later 
president of Chevrolet, and at the old E.M.F. 
Co., by Carl Wise, now chief engineer of Pierce 
Arrow? 

Do you know that many of the men, now 
big in the industry, laughed at us for looking 
at steel through a glass in that day? 

Do you know that photomikes of steel, 
which showed the grain structure, were laughed 
at as looking like the “picture of a cookie”? 

Do you know that steels put into the early 
automobile were not heat treated? 

Do you know that Bill Woodside knows 
more about the steel problems which arose in 
the early days of the automobile than any other 
man in the industry? 

Do you know that when Woodside told Bill 
little, of the old Buick company, that he had 
leat treated a set of steering knuckles and arms 
'o put in his ear, Little said. “Nothing doing! 

don’t want any tempered steel in my car; I’ve 
en enough tempered tools bust!” But Harry 
issett “took a chance” and put them on his new 
ev roadster? 

Do you know that the heat treatment finally 
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given to case hardened transmission gears, which 
prevented the teeth from snapping out, was dis- 
covered entirely by accident, and not developed 
by the new technical man, the Metallurgist, who 
had come into the field? (A gear found in a fur- 
nace heated for tools to above 1500° F., was 
cooled in oil and this was the only one in a lot 
quenched from around 14007 F. which was tough.) 

Do you know that the Cadillac four-cylinder 
car was the first G.M.C. car to use alloy steel, 
and this was put into the transmission gears and 
pinion? Do vou know that because of this, Wal- 
ter Phipps was dubbed “one of the greatest met- 
allurgists of the day”? 

Do you know that there were only two dif- 
ferent types of alloy steel used in early automo- 
biles — and now there are more than 40? 

Do you know that the rear axles of some 
of the early cars were so noisy when taken off 
the line that ground cork was thrown into the 
grease in the housing to quiet them down? 

Do you know that broken axle shafts, piled 
room-high, bushel baskets full of broken gears 
and bearings, all from the field, were a common 
occurrence in the early days — and today such 
tvpes of failures are rare? 

Do you know that the automotive industry 
is responsible for the development of our great 
alloy steel mills, and that Fred Grifliths and his 
organization at the old Central Alloy Steel Co. 
in Massillon were outstanding in this develop- 
ment, and that Dr. Sargent and the late E. L. 
French (both of Crucible Steel Co.) are names 
we can’t forget? 

Do you know that the present great Ameri- 
can Society for Metals is descended from a small 
gathering of heat treating foremen from the auto- 
mobile plants of Detroit, who met to discuss their 
problems over a glass of beer, and H. J. Lawson, 
of the old Cadillac plant, was the first president 
of this local group, and its name was the Steel 
Treating Research Society? 


Eprror’s Nore: These reminiscences of the 
arly automotive industry were written for a 
special edition of Automotive Industries com- 
memorating the silver anniversary of General 
Motors. They are well worthy of reproduction 
in Merat ProGress, despite its rule against re- 
printed material! 

Do you know that “Bunny” Dawe delivered 
the first formal paper to be read before the So- 
ciety, and it was entitled, “Why Camshafts 


Crack During the Grinding Operation” 


29 


| 

5 

is 
= 
» 

4 
bs 

* 
ag 

# 

ame 

> 


MODERN WELDS 


AND METALS... 


FOR A HEATER 


N air-conditioning system for properly 
controlling indoor temperature, humidity, air 
movement, and air purity is a distinct advance 
in the art of providing ideal living conditions. 
Those who have recently experienced relief from 
torrid humidity by entering a properly air-cooled 
office, restaurant, movie, or railroad train find 
it difficult to refrain from becoming 
enthusiastic over the future possibilities of this 


over- 


new equipment. 

In either a winter or a year-round system 
the modern heating unit acts as the heart of the 
installation and, in addition, provides an ade- 
quate supply of domestic hot water at all times, 
winter and summer. Advanced design and care- 
ful manufacturing from the best available spe- 
cialized materials are foremost among the factors 
which make the ownership of such an appliance 
a constant source of delight and enable it to 
climinate a long-established source of dirt, care 
and trouble in the household, besides giving un- 
usual returns in comfort and health. 

The editor has invited a description of the 
new G.E. oil furnace as an example of modern 
design and construction, where each part is based 
on the relation of that part to the complete de- 


vice. These integral parts consist primarily of 
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By F. WV. 


Air Conditioning Dept 
General Electric ( 
Schenectady, N. Y. 


a boiler, compressor, burner head, control, in- 
sulation, and jacket. No attempt has been mack 
to make these parts interchangeable with similai 
devices on other systems or to make them suit- 
able for attachment to existing boilers or heating 
installations, for early considerations in the de- 
sign of this furnace disclosed that a uniform) 
high efliciency could be obtained only by co 
ordinating all parts to form a single unit. 


Functions of Units 


Materials for each part are selected to giv: 
best results, including long life and _ resistanc: 
to corrosion from heated air, combustion prod 
ucts, fuel oil, or hot water. The nozzle tip 
the burner, for instance, is monel metal: 
heater coil is copper; the rod for expansion reli 
water-circulato! 


thy 


door, the sight-door’ shutter, 
shaft, and certain parts of the jacket are stainless 
steel. Magnetic and electrical alloys are install: 

in motors and control equipment. Besides thes: 
there are many other specifications of more con! 
mon steel and iron employed, and the select)o! 
of each one, as well as the specification of tl 
heat treatment and finish for the individual par's 
is an important step in the design procedure. 
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A brief description of the functions per- 

med by the major parts of the furnace will 

» to explain the choice of materials and will 

ng out some of the reasons for their particular 

sign. The schematic vertical section shown 
the cut below will be helpful to the reader. 

The compressor unit, which is mounted at 

top, draws fuel oil from the storage tank, 
supplies atomizing air and fuel oil to the burner 
head under about 15 psi. pressure, and provides 
both primary and secondary combustion air. As 
indicated on the diagram, a single vertical shaft 
carries the rotary oil-and-air pump (below), the 
motor rotor (midway), and the multi-vane 
blower (above). The oil-and-air pump is ar- 
ranged to pump oil during a part of each revo- 
lution and air during the remainder, discharging 
both into a sump from which they are led sepa- 
rately to the burner head. 

Combustion air is taken from the space be- 
neath the top cover, into which it enters through 
louvres in the air ducts at each side of the fur- 
nace. This scheme provides sufficient cooling 
for the motor and controls, prevents transmission 
of noise, and insures that all air leaks are inward 
so that petroleum odors cannot reach the living 
quarters, 

A portion of the combustion air enters the 
combustion chamber downward around the noz- 
zie, but the larger part (the secondary combus- 
lion air) enters from the bottom, turning the 
down-coming flame back on itself and complet- 
ing the process of combustion. Hot products 
of combustion pass out of the top of the com- 
hustion chamber, turn down and leave the boiler 
through a number of flattened fire tubes welded 
into the upper and lower head. This principle 
of standard boiler design is incorporated in order 
to absorb more heat and increase the efficiency 
of combustion; it is made possible by the utmost 
reliability of the materials of construction and 


the fabrication processes. 
Flexible Copper Tubes 


For ease of servicing and assembly, the 
vurner head is a separate unit, connected to the 
ompressor by two flexible copper tubes for air 
ind oil. Ignition electrodes are built into the 
vurner head and high voltage wires are elimi- 

ited by having the tops of the electrodes make 
rect contact with the ignition transformer ter- 
inals. The flame detector is an important sep- 
rate safety device and is mounted on the oil 
irner head. 
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Automatic control is perfected to an unusual 
degree, unusual even to those familiar with the 
all-but-human devices installed for program con- 
trol in heat treating departments. This, of course, 
is as it should be, for any failure in an oil- 
burning unit installed in a residence would be 
most annoying, if not actually dangerous. Such 
controls are too intricate to describe at this time; 
suffice it to say that (other than the more con- 
ventional control of steam pressure and hot water 
temperatures according to the requirements of 
the hour and season) they must provide a definite 
starting sequence and limit the oil furnace to 
three consecutive unsuccessful starts if combus- 
tion does not begin. Furthermore, in case the 
fuel fails to ignite, the oil discharge is limited 
to 4 sec. per starting cycle. In the event of 
flame failure from any cause, the oil supply must 
be permanently and immediately closed. Special 
alloys, fabricated to most exacting standards, are 
the foundation for all such control equipment. 

Devices actuated by low water in the boiler 


A Self-Contained Oil Furnace for Domestic 
Heating Requires the Most Advanced Design 
and Construction to Insure Reliable Opera- 
tion Under Widely Fluctuating Temperature 
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Tensile & Bend Specim, 
Taken From Positi 
Welds Made With § 32.) 
Electrodes. All fractu 
occurred outside the weld, 


or undue pressure in the combustion chamber are 
interlocked to disconnect the power supply in case 
of abnormal operation. If any sudden expansion in 
the furnace chamber is caused by any unusual com- 
bination of circumstances, a door on the smoke flue 
opens, relieves the pressure to prevent damage to 
the chimney, and stops the oil furnace. Both of 
these devices require manual resetting, since their 
action indicates an abnormal condition which must 


be corrected. 
Boiler Construction 


The boiler itself is built by welding of fire-box 
and flange steel to meet the specifications of the 
American Society of Mechanical Engineers’ boiler 
code. Either of these will procure the highest type 
of low carbon steel, amply proven by experience 
to be satisfactory for all steam boilers. Tensile 
strength must be between 55,000 and 65,000 psi.; 
ductility is high and phosphorus and sulphur are 
held to low limits. 

The boiler proper is built entirely of steel in 
strict compliance with the Boiler Construction Code 
of the American Society of Mechanical Engineers. 
All joints are electrically welded so that the finished 
boiler is essentially one piece, with no chance for 
leaks. (Incidentally, it is interesting to note thal 
the boiler is produced in a modern steel building 
which is itself of welded construction throughout 
and is equipped with every device for up-to-date 
tank and boiler manufacture.) 

Welding has been developed into a carefully 
Many of the long 
seams are done in automatic machines. Other oper- 


supervised production operation. 


ations, such as welding flues into the tube sheets, 


are done by hand. All welders are required to pass 
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a qualification test before they are allowed to 
work on these boilers, and thereafter are con- 
stantly subject to the supervision of a licensed 
Although 
X-rays for inspection purposes is not deemed 


boiler inspector. regular use of 


necessary during fabrication, such a_ searcli- 


Accurate Fit on All Seams Insures Rapid W« 
ing of Tight Joints. Note staybolt heads 
be welded into outer shell; also water heat 
at rear. This assembly is covered with 
sulation and a metal jacket before shipm: 
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examination is periodically 

de of welds, chosen at ran- 

n from the production line. 

sts on welded joints broken 

ension always fracture in the 

se metal; elongation in free 

nd test is from 30 to 50%. 

sts on samples made from 
‘l-weld metal are found to 
inge between the values given 
in the table below. 

Methods of welding are se- 
lected to give the best results on 
the particular seam involved, 
and include the use of heavily 
coated electrodes, bare elec- 
trodes, and the atomic hydrogen 
are. As above remarked, where 
the nature of the seam permits, 
automatic machines are used. 
Great care is exercised to pre- 
vent porosity in the welds and 
thereby insure a weld which will 
withstand corrosion. Corrosion 
tests made by approved labora- 
tory methods indicate that the 
resistance offered by weld metal 
is within 95° of the corrosion 
resistance of flange steel. 

Welding speeds vary from 
2'. to 12 in. per min., depending 


Construction of Boiler Ils Indicated by This Photo- 
graph of an Automatic Welding Head Attaching the 
Lower Flue Sheet to the Main Combusion Chamber 


on the method used and the na- 
ture of the seam. Proper fitting 
of the plates before welding is, of course, essen- 
tial to a good job, and for this reason close tol- 
erances are maintained in the production of the 
component parts. 

All boilers are given three tests of 60. psi. 
hydrostatic pressure during construction. The 
lirst test is to check the welds between tubes and 
lube sheets. (Tubes, incidentally, are them- 
selves made of flattened seamless boiler tubing.) 
(he second pressure test checks the strength of 
the interior of the boiler, that is, the combustion 
chamber and tube assembly. The third is the 
final test on the complete unit; this is done by 
| licensed boiler inspector who stamps the boiler 
'o show that it meets the Code. 


Test Pieces Made of All-Weld Metal 


Yield point 50,000 to 55,000 psi. 
Ultimate strength 60,000 to 70,000 psi. 
Elongation in 2 in. 20 to 30% 
Reduction of area 35 to 50% 
Charpy impact 20 to 30 ft-lb. 
Specific gravity 7.82 
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A recent special test with accurate strain 
gages showed practically no deflection of the 
plates of the boiler at the working pressures of 
15 to 30 psi. At the testing pressure of 60 psi. 
the maximum deflection of the upper tube sheet 
was 0.011 in., and at 260 psi. the deflection was 
0.055 in. These tests show that this welded con- 
struction is of a design fully capable of with- 
standing any load which will be put on it in 
service. 

The same careful selection of materials and 
methods is exercised on the compressor, burner 
head, control, and other parts of the furnace. 
For example, there are certain connections in the 
burner head that may cause trouble from leakage 
of oil if not properly made. These joints are 
sweated together after careful tinning, so that 
the vital parts are hermetically sealed. Special 
silicon steels are used for all parts of the burner 
head and control in close proximity to magnetic 
fields to prevent the retention of magnetism be- 


tween evcles. 
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WHY DO SOME 


METALS RESIST 


OXIDATION??? 


P TO A generation ago there was no com- 
mon metallic alloy known which would resist 
heated atmospheres without wasting away rap- 
idly into scale. Of course platinum was a good 
resistor, but this was entirely too expensive for 
common use. Discovery of the high nickel-chro- 
mium alloys and the high chromium-iron alloys 
has corrected this situation. While not cheap, 
these materials can be applied fairly freely, and 
important industrial processes and operations 
are now contingent on their stability. 

An inquiry into the mechanism which en- 
ables these favored metals to resist hot oxygen 
and sulphur is useful as a guide toward the dis- 
covery of other alloys of similar nature. It is a 
complex inquiry, as will appear. Nevertheless 
it may be said that resistance to oxidizing 
environment at either atmospheric or elevated 
temperatures is due to an ability to form a highly 
impervious, self-healing, adherent, and hence 
protective film or layer of oxide; at atmospheric 
femperatures this film is so extremely thin as to 
be transparent to light, whereas at higher tem- 
peratures it grows to a scale of visible thickness, 
the rate of growth depending upon the alloy com- 
position and the temperature. The relation be- 
tween sealing rate and composition of these 
complex alloys becomes clearer by considering 
the rate of scaling of a pure metal, in which case 
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By K. Heindlhof, 
and B. M. Lars: 
Research Laboratory 
United States Steel Cor; 
Kearny, N. J. 


the process can be treated by mathematical equa 
tions based on simple reasoning. 

Conditions requisite for a protective 
coating at high temperatures are: 

1. The dissociation pressure (or pressure of 
oxygen in equilibrium with the oxide) of the 
metallic oxide at the particular temperature mus! 
be less than the partial pressure of oxygen in th: 
atmosphere in contact with the metal. 

2. The oxide formed must not be so volatil 
at the temperature that it evaporates from thy 
metal surface and thus permits oxidation to con 
tinue unhindered. 

3. The relation between the heat of oxida 
tion (or combustion) of the metal and the speed 
of oxidation must be such that the temperatur 
of the oxidizing surface does not rise to the mel! 
ing temperature of the oxide, otherwise the oxi! 
would run off, and the metal burn up. 


Dissociation Pressure 


The so-called noble metals, platinum, gol 
silver, do not oxidize when heated simply |!» 
cause the oxygen pressure of their oxides ts ! 
vreater than that of the atmosphere, so that a 
oxide formed would quickly decompose. ! 
the more common metals the values of disso: 


tion pressure within the scaling range (say « 


METAL PROGRE 


* 
te 
) 
{ 
d 


» 2200° F.) are much below this level, and hence 


hey tend to oxidize readily. 

In some cases the oxygen pressure is close 
‘o that of air, so that at some temperatures the 
dissociation pressure exceeds the level in air (0.2 
itmosphere). For instance, as shown by the 
curve in this column, this happens for palla- 
dium oxide at about 1445° F.; below this tem- 
perature palladium oxidizes in air, above it it 
does not. Likewise Fe,O, heated in air decom- 
poses at about 2417° F. into Fe,O, and oxygen. 

Some metals, such as tungsten or molybde- 
num, form oxides which are quite volatile at the 
higher temperatures; consequently they burn 
away rapidly because of the continuous evapora- 
tion of oxide. This happens to the heated tung- 
sten filament of an incandescent lamp when air 
is admitted to the bulb. Lron wire or thin iron 
sheet at a red heat burns brightly when exposed 
io oxygen, because the heat of oxidation raises 
the temperature of the oxide to its melting point, 
and it drains off, affording little protection to the 
metal remaining. 

The foregoing discussion shows that a num- 
ber of conditions must be satisfied before the 
formation of a compact protective coating of in- 
creasing thickness, resulting in a slower and 
slower rate of oxidation. As soon as a continuous 
film of oxide has formed over the surface of the 
metal, the scale can grow thicker only to the ex- 
tent that oxygen atoms can, by passing through 
the scale already formed, reach unoxidized metal 
atoms beneath. This rate is determined by the 
rate of diffusion of oxygen through the scale, and 
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pressures and temperatures to the right palladium 
xide will decompose into metal and free oxygen 
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this rate depends upon the nature of the scale 
itself, as well as upon the temperature. On some 
metals, such as chromium, the scale is quite im- 
pervious, and scaling is slow. 

The precise factors which determine whether 
an oxide film is, or is not, continuous and im- 
pervious have not yet been established; conse- 
quently the actual diffusion rate can be ascer- 
tained only by trial. It is to be remembered that 
the actual rate may depend markedly upon the 
precise conditions under which the scale was 
formed. Moreover, the useful life of a metal at 
temperature may be very much less if it is heated 
intermittently than if heated continuously, unless 
the scale adheres very tightly to the metal. 


Scaling of a Pure Metal 


Diffusion of oxygen through seale to reach 
metal beneath is identical in principle with the 
familiar diffusion of carbon through steel in the 
processes of carburizing and decarburization. It 
can go on only so long as the concentration of 
oxygen at the outer surface of the scale is greater 
than at the interface between scale and metal. 

More specifically, the concentration gradient 
of oxygen across the thickness of the scale layer 
is the driving force of the process, and the mathe- 
matical formulation of this fact is known as the 
Fick diffusion law. The mathematical develop- 
ment for the simplest case of a pure metal at 
constant temperature, leads to the conclusion 
that the rate of scaling is proportional to the 
square root of the elapsed time. This proves to 
be in accordance with the observations, and gives 
& quantitative expression for the slowing down of 
the process as the thickness of the scale increases. 

The results of experiments on the rate of 
scaling of iron at various constant temperatures 
are plotted in the figure on page 36, taken from 
some work by the present writers, printed last 
vear in Transactions, AS.S.T. Log-log paper 
was used because it pictures a large range of the 
variables with constant percentage accuracy, and 
because the graph of the mathematical equation 
representing rate of scaling is a straight line on 
it for any one temperature. The irregularities 
in the course of the experimental curves corre- 
spond to local irregularities in sealing, such as 
the formation of blisters; there is, however, an 
unmistakable tendency towards the square root 
relationship described above, which is’ repre- 
sented by the solid lines. 

On this basis the difference in rate of scal- 
ing of a metal or alloy depends upon the differ- 
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ence in the rate at which oxygen can 
through the scale formed under the conditions 
of experiment. A low rate implies that the scale 
is compact and impervious, as well as adherent, 
as in the case of chromium (or aluminum or sil- 
icon) which, far from being “noble,” in reality 
oxidizes more readily than does iron. For this 
reason, chromium, when alloyed with iron in 
proportion above 10 or 12%, brings about a very 
large increase in the resistance to scaling. 

At first thought one might expect that it 
would be better to add some element, such as 
platinum or gold, which does not oxidize, or 
nickel which oxidizes less readily than iron. 
These metals will protect iron if plated over its 
entire surface as a continuous coat of the pure 
metal, but if alloyed with iron they have little 
effect, because the iron, by oxidizing more read- 
ily, builds an iron oxide scale around the parti- 
cles of the more noble alloying element. For 
example, addition of 30 or 40% 
the scaling rate of iron by only 60 or 70%. 


nickel lessens 


Scaling of Chromium-lIron Alloys 


With enough chromium, however, the tend- 
ency is for it to oxidize first, in preference to 
the iron, forming a layer rich in chromium oxide 
which hinders further oxidation because oxygen 
and iron atoms cannot diffuse through it easily. 
This preferential oxidation brings 
about a considerable change in the composition 
of the metal adjacent to the scale. Thus it is 
not surprising that the rate of scaling of an alloy 
deviates from proportionality with the square 
root of elapsed time, a relation which implies a 
constant composition both of the metal at the 
interface and of the scale. Nevertheless the re- 
lationship given above for the pure metal is 
useful as a first approximation, and as an aid in 
planning experimental work. 

The rate of scaling in service is influenced 
by many more or less uncontrollable factors, 


obviously 


such as blistering of the scale, loosening of the 
scale by rapid heating or cooling, or mechanical 
deterioration of the metal. Any of these alters 
the course of the process from the ideal. Never- 
theless it is helpful to have comparative values 
obtained under controlled laboratory conditions. 
Such data for some representative iron-chro- 
mium alloys are depicted in the figures on page 
37, the logarithmic scale being the same as in 
the figure for iron (except that time is expressed 
in hours instead of in minutes) so that the curves 
are comparable directly. 
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Obviously the scaling of these alloys does 
not follow the square-root law with respect to 
elapsed time, nor is the slope the same for the 
same alloy at different temperatures. 

In general, the resistance of the high chro- 
mium-iron and iron-nickel alloys is many times 
greater than that of pure iron. The order of 
magnitude of this ratio is about 1 to 100, if thick- 
ness of scale in a given time interval is compared, 
and 1 to 10,000 or more if the time of formation 
The 
o°¢ chromium steel is little better in air than iron 
itself at 1652° F., and this was also found to be 
true at temperatures as low as 1300° F. The 12° 
At still 
higher temperatures the 17% or 28° chromium- 
iron alloy is preferable. 


of a given thickness of scale is compared. 


alloy scales slowly even at 1650° F.. 


Resistance of the iron-nickel-chromium al- 
loys to scaling is due mainly to their chromium 
content; in general, for a given percentage of 
chromium the alloy without nickel scales more 
slowly than that with nickel. 
resenting 18-8 is worthy of comment. 


The curve rep- 
It had 
scaled very slowly over a considerable period 
when the scale suddenly started to form in lo- 
calized nodules, with the very marked increase 
in the over-all rate. 

The comparatively few data available on 


Record of Observations on the Scaling of Commer- 
cially Pure lron at Various Constant Temperatures 
Between 550 and 1100° C. Lines are drawn to 
the slope required by the theory that rate is pro- 
portional to the square root of the elapsed time 
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the rate of growth of either sulphide scale, or of 
a mixed sulphide-oxide scale, hardly permit one 
to make general statements. It is important to 
keep in mind the distinction between scaling in 
hydrogen sulphide, either pure or mixed with 
non-oxidizing gases such as nitrogen or hydro- 
gen, and in mixtures of hydrogen sulphide or 
sulphur dioxide with oxidizing gases such as 
oxygen, water vapor or carbon dioxide. In the 
former, the scale is composed of sulphides of the 
metal or metals present. In the latter, the scale 
is generally a mixture of sulphides and oxides, 
and both its composition and its rate of growth 
will vary with (a) the relative sulphur content 
of the gas phase, (b) the metal composition, and 
(c) the temperature. 

A study of the behavior of pure metals in 
reducing gases containing hydrogen sulphide is 
badly needed. An important condition here is 
the fact that the eutectic melting temperatures in 
the iron-sulphur, nickel-sulphur and copper- 
sulphur systems all fall in the range in which 
metals are sometimes heated in service. Nickel 
is known to be badly attacked in hydrogen sul- 
phide, but above the eutectic temperature (1180 
I.) the scale becomes partially liquid and the 
rate of corrosion suddenly jumps up. 

Iron is also attacked severely by hydrogen 
sulphide. A recent study of iron and iron-chro- 
mium alloys in this gas at 1375 to 2000° F. by 
Rickett and Wood in Transactions for April, in- 
dicates that the protective effect of chromium 
against sulphide scaling is much less pronounced 


than against oxide scaling. They note that “when 
these results were plotted using logarithmic co- 
ordinates the points were found to follow straight 
lines within the limits of the experimental er- 
ror.” Other data support these results qualita- 
tively. A moderately increased resistance due 
to chromium and a tendency toward a decreased 
resistance due to nickel is all that can be said. 

Hatfield has also published some informa- 
tion in Journal of the Iron and Steel Institute in 
1927 about metals in an atmosphere of sulphur 
dioxide at temperatures from 1300 to 1800° F. 
Pure iron, nickel and cobalt were badly scaled, 
while copper and chromium were relatively re- 
sistant. Among the alloys, low carbon steel, 3% 
nickel steel, 36° nickel-iron alloy, 60-15 Ni-Cr 
electrical resistor alloy, cast iron, 15% silicon- 
iron and monel metal were all attacked more 
severely in sulphur dioxide than in oxygen. A 
12'% chromium alloy was attacked rather badly, 
but 8° chromium steel, 3° silicon steel, 18% 
chromium-iron alloy, 18-8 Cr-Ni alloy, a steel 
containing 16% chromium, 8% nickel and 4% 
silicon and another 18-8 with 4% tungsten all 
resisted attack by sulphur dioxide over this tem- 
perature range comparatively well. 

Apparently, in such mixed oxidizing plus 
sulphidizing conditions, chromium in amounts 
above 15 to 18% in iron alloys gives rather ef- 
fective protection, while nickel in iron alloys, in 
the absence of chromium (or even with chro- 
mium in very high nickel alloys) resists very lit- 
tle better or even not as well as carbon steel. 
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CORRESPONDENCE... 


AND FOREIGN LETTERS 


Similarities Between 
Abnormality and Aging 


FRANCE 


made that steel offers two possibilities of 


A general statement may be 


hardening that come from the existence of two 
kinds of solid solutions of carbon in iron, first the 
austenite and second the 
In both of these solid 


gamma solution or 
alpha solution or ferrite. 
solutions, the solubility of cementite (or some 
phase containing carbon) increases with tem- 
perature. It is thus possible to obtain at room 
temperature three successive conditions for each 
solution by an appropriate heating or cooling: 

1. Supersaturated solutions, not in physico- 
chemical equilibrium. These two correspond to 
the “hyperhardened” condition of the gamma or 
alpha solid solutions, respectively. 

2. The next recognizable modification is be- 
lieved to be due to a fine precipitation from these 
supersaturated solutions. This corresponds to 
quench-hardening as long practiced in industry. 
These states are in chemical equilibrium but 
very far from structural equilibrium, since the 
precipitate is extremely finely dispersed. 

3. Lastly as the precipitates coalesce from 
the preceding states, we approach structural 
equilibrium. This condition includes tempered 
and stabilized steels. 

Phenomena of groups 2 and 3 parallel each 
other in both the gamma and alpha solutions, and 
depend on the same laws more particularly 
those ruling precipitation and coalescence. The 
reactions are accelerated by factors having a 
physical effect such as temperature, pressure or 
deformation, and surface stress. 

On the other hand, since hardening due to 
the existence of either the gamma or alpha solu- 
tion comes from supersaturation, it depends on 
that influence supersaturation, 


those factors 
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namely, diffusion speed in solid solution, pres- 
ence of nuclei, or the joints between grains. From 
these considerations it can be shown that the ef- 
fect of an addition element in the alloy on the 
phenomena of hardening (or the reverse on 
the more or less easy attainment of physico- 
chemical or structural equilibrium) will be at 
least three-fold: 

1. An effect on the diffusion speed 
a retardation (hardening effect) or an accelera 


either 


tion (tempering effect). 

2. An effect on the grain size. If it pro 
motes fineness, it increases the extent of the 
joints; this corresponds to a precipitating effect 

that is to say, promotes tempering. 

3. The production of a cloud of fine par- 
ticles acting as nuclei (for instance, vanadium, 
aluminum, or silicon may produce fine oxidized 
inclusions) which also impede grain growth by 
mechanical obstruction. Consequently such phe 
nomena promote the tempering reactions. 

Of course, these influences may overlap and 
conteract. 

It is thus possible to expect a relationship 
between the phenomena connected with harden- 
ing and tempering as it is known in tool steel and 
a matter which 
is thought to be connected with changes in the 
if one admits a similat 


aging of low carbon sheet steel 


predominating ferrite 
ity between the sundry factors which have an 
influence on the hardening of gamma and alphe 
solid solutions. 

Thus “abnormality” as defined by the M« 
Quaid-Ehn carburizing test is nothing els 
than the structural tempering effect when 
mentite coalesces in the gamma solution it op 
poses, consequently, the gamma hardening. A! 
“anti-hardening elements” (those refining t! 
gamma grain, those producing fine precipitat: 
or inclusions) promote abnormality. Such is t! 
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ise for small additions of aluminum, vanadium, 
wid similar metals in ordinary steels. 

Similarly, aging of steel presents all the 

haracteristics of the structural hardening of 
iipha solutions. It may be represented, for in- 
stance, as a function of temperature and time, by 
the characteristic curves already given in Mera. 
Procress, August, 1931. Such steels may be 
stabilized either by maintaining them in_ the 
supersaturated state without precipitation or, 
preferably, by subjecting them to a steady and 
mild tempering condition where coalescence oc- 
curs. For the latter one may resort to a thermal 
tempering, or else add some elements which ac- 
celerate tempering that is to say, some ele- 
ments which would promote abnormality in 
carburized steels. Consequently, it may be ex- 
pected that small additions of aluminum, for ex- 
ample, will suppress aging effects, which is 
confirmed by experience. 

It seems interesting to point out this parallel- 
ism of action between phenomena having no ap- 
parent connection, for it enables us to foresee the 
entire action of some factors of which a few ef- 
fects are known and at the same time to give a 
logical interpretation to experimental findings. 

All the above considerations are proven by 
studies carried on at the laboratory of Aciéries 
dUgine, which have led to this practical con- 
clusion: That it is possible to obtain, by means of 
adequate treatments and alloying additions, the 
required grain size, abnormality and_ stability 
against unwanted aging effects. 


ALBERT PoRTEVIN 


Creep Strength 
of 18-8 


Hi. C. Cross of Battelle 
Memorial Institute calls 
attention to one of those 


errors which escape 

“checking and double 
necking” by editor and author. In Dr. Norton's 
‘ler published in June, page 50, on “Creep 

‘irength of 18-8 After Four Years’ Service,” the 
cep rates noted on the four lines plotted at the 
‘tom of the page are ten times too great. The 
igram at the top of the page is correct. 
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High Speed Welding 
With Large Electrodes 


URIN, Irary A noteworthy trend in Euro- 
pean are welding is strongly toward the use of 
larger electrodes. 

Many specifications formerly required the 
use of electrodes of small diameter, at least for 
the first lavers of metal in the deepest part of the 
notch. In many cases diameters as low as !, in, 
were used, with the object of insuring good pene- 
tration of the molten metal. 

Experience has proved, however, that better 
penetration is obtained with properly coated clec- 
trodes when larger ones are used. The main rea- 
son for this seems to lie in the fact that the heat 
produced with small electrodes is not sullicient 
to insure complete melting of the base metal, 
especially when large and thick pieces are being 
welded. Furthermore, heating is localized in a 
relatively small volume of metal, which is rapidly 
cooled by its surroundings, thus inducing dan- 
serous internal stresses. 

On the other hand, the welding operation is 
easier and safer with electrodes of large diam- 
eter; the welder has no transverse swinging move- 
ments to make and may fix his attention on the 
steady advancement of the electrode along the 
weld. Under such conditions, the joint ts more 
uniform. Likewise a greater intensity of current 
can be used, with which a continuous are is more 
easily maintained. 

Electrodes of diameters from to 
“ in. are used at present with excellent results. 
Corresponding currents vary from 350) to 500 
amp. Direct current welding is practically obso- 
lete, as its technical advantages (from the point 
of view of quality of welding) have been found to 
be negligible, and it is more expensive to install. 
Another advantage of large clectrodes lies in the 
possibility of obtaining excellent results on plates 
of moderate thickness, square cut and simply 
butted, without any special preparation of the 
edges of the plates. 

From the economic point of view, noteworthy 
advantages have been found. Work can proceed 
at a greater speed on large work with the same 
degree of safety. For instance, deposits 0.15 
sq.in. in section can safely be made at a speed of 
10 to 50 ft. per hr. Extensive and careful re- 
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searches on the properties of the metal deposited 
with ,;-in. electrodes at even higher speeds have 
shown excellent mechanical properties and great 
uniformity. With tensile strength above 80,000 
psi. the reduction of area does not go below 55%, 
and resistance to impact always remains above 
10 kg. per sq.cm. 

It is evident that the use of larger electrodes 
requires special electrical equipment, but recent 
results have been so good that many works are 
modernizing their plants in this respect by scrap- 
ping old welders and buying new ones. 

Feperico 


Enriched Air for 
Open-Hearth Furnaces 


ROSNY, U.S.S.R.— A pair of heats in Soviet 

steel foundries have been made to deter- 
mine whether certain theoretical advantages of 
oxygen-enriched air supply could be achieved 
in practice. Several lengthy discussions as to 
the effect of oxygenated air on the manufacture 
of open-hearth steel have been published, but 
actual experience is almost wholly 
Therefore, the following fragmentary data may 
be useful to metallurgists elsewhere. 

It is readily agreed, of course, that the chief 
purpose of adding oxygen to the air required 
for fuel combustion is in order to increase the 
amount of heat liberated in the open-hearth fur- 
nace and to raise the temperature of the flame, 
Economical advan- 


missing. 


especially during melting. 
tages would be a shortening of the time of melt- 
ing and a corresponding increase in output from 
a given plant. Metallurgically, there should also 
be some effect on the oxidation of metal during 
melting, and the speed of elimination of carbon, 
silicon, and phosphorus. 

It would appear that there will be certain 
practical limits of the flame temperature other 
than the danger of melting the furnace refrac- 
tories. These reside in the fact that in the first 
part of the heat the fuel burns under unsatisfac- 
tory conditions, since the free volume of the 
melting chamber is encumbered with a_ cold 
metallic charge of bulky scrap. The latter chills 
the incoming gases and does not allow ample 
space for normal combustion and proper move- 
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ment of the flame. This results in incomplet 
combustion of any fuel which produces a lon 
flame; oxygen may remedy this state of affairs, » 
least in part. 

The first test was made in a 4-ton oil-fired 
furnace at the “Hammer and Sickle’ 
ry in Moscow. The second test was in a 10-ton 
oil-fired furnace at the Sormovo steel works nea 
Gorky. Both furnaces had regenerative cham 
bers for air supply. Oxygen was from a bank 
of cylinders of welding gas. In the first test 58 
cylinders were used, the gas being introduced 
directly into the furnace near the bridge; in the 
second, 30 cylinders of oxygen were injected into 


steel found 


the compressed air line used to atomize the oil 
and tarry residue used for fuel. 

Results were interesting. In the first test 
about 6200 cu.ft. of oxygen (measured at atmos- 
pheric pressure) was put into the furnace dur- 
ing the first hour, 3300 cu.ft. in the next hour, 
and 2500 cu.ft. during the remainder of the heat 
(4.5 hr. total time). During melting the oxygen 
content in the air entering the furnace was about 
27‘. ; the average for the entire heat was about 
24.5°¢. Compared with a normal heat in this 
furnace, 40 min. was saved in melting. A con- 
siderable part of the oxygen apparently combined 
with the metal and it was found necessary to 
add an unusual amount of pig iron into the bath. 
Carbon in the metallic charge was oxidized about 
90°. quicker than when the smelting process was 
carried out in the same furnace and under sim- 
ilar conditions without the addition of oxygen 
The final metal was entirely normal, analyzing 
0.30°° carbon. 

In the second test on a larger furnace the 
oxygen was more rationally utilized for the com- 
bustion of the oil residue, and the metal (44 
cold pig, 56% steel scrap) was not so highly sub 
jected to oxidation during the melting process 
About 6000 cu.ft. of oxygen was used during 
the first 4 hr. of a 7-hr. heat. Average oxygen 
content of the air during the first part was abo 
25'.. Melting took 25 min. less than norma 
The first test ingot contained a large amount! 
carbon and it was therefore necessary to ac 
iron ore for decarburization down to the requir 
O13. 

Six tentative conclusions may now be stat: 
from these tests, as follows: 
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Photo by John P. Mudd for The Midvale Co. 


1. A normal product was made. 

2. Combustion conditions are improved 
during the melting period and the temperature 
of the flame is raised. 

3. The time required to melt the charge is 
decreased, and thus the output of the furnace 
is raised. 

|. No signs were observed that the furnace 
walls, roof or ports were suffering from the 
higher temperatures. 

». Depending upon the changed flame con- 
ditions, the working of the heat (pigging or ore- 
ing) will be changed materially, and this in turn 
may influence the time for a heat and the amount 
' ferro-alloys required at the finish. 

6. The amount of fuel consumed during 
oth smelting tests was somewhat more than that 
quired in the usual practice, but whether this 
» more than an accident cannot be said, from 
limited tests carried out. 
B. M. Susiov 
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English Tool Steels 
Differ in Some Respects From 
American and Continental 


HEFFIELD, ENGLAND The article on “Ma- 

terials for Modern Cutting Tools” by J. V. 
Emmons in the December issue of Merat Proc- 
RESS is very useful as an indication of American 
tendencies in the field, and as a means of com- 
parison of American practice with British and 
European practice. 

As regards British practice, the distinction 
between carbon tool steels and low alloy steels 
has no sharp division. The most representative 
use of plain carbon tool steels is perhaps that of 
the steel used for files, that is to say, one contain- 
ing 1.2% carbon with low silicon and manganese. 
Lower carbon contents are used for a variety of 
purposes where the final condition is, in general, 
not required to be so hard as the file. 

Modified steels, with small additions of one 
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or more of the elements tungsten up to 3%, 
chromium up to 3°, molybdenum up to 1‘ 
are in use, generally with carbon percentages not 
much above 1‘. for tools where either greater 
depth of hardening is required, or where a some- 
what tougher condition is desired than is given 
by a plain carbon steel. 

“Non-distorting” 
are of several varieties, containing chro- 
mium or both, the use of 1.5°. 
manganese probably being in greater favor. It 
should be clearly understood with regard to car- 
bon steels or low alloyed steels that “quality” as 
There is still 


steels usually oil hard- 
ching 


manganese or 


well as analysis plays a large part. 
scope for high quality steels made in the crucible 
from pure base materials in both these classes of 
tool steels. Tool steels made in the Siemens 
open-hearth furnace which are used on classes 
of work where cost is more important than qual- 
itv, are admittedly inferior, where high class 
tools are in question, 

With regard to high speed steel, 14-1-1 and 
18-1-1.5 are more or less standard. The more 
recent development has been in the direction of 
increased cobalt, in a range around 6° or from 
10 to 15',, while the use of higher tungsten con- 
tents (up to 24.) is not now looked upon with so 
With regard to the 


carbon content of high speed steels, British prac- 


much favor as formerly. 


tice is apparently intermediate between Ameri- 
can and Continental, values of to 
being. perhaps most common. 

Tool steels for special purposes (such as dies 
und tools for hot work like shearing hot plates) 
have been developed and are of two main types: 
(a) Medium high tungsten steels containing chro- 
mium, vanadium and other elements to make 
them a “mild high speed steel” and (b) high car- 
hide containing steels such at 12 to 14) chromium 
with 1.5 to 2% of carbon and other alloy addi- 
tions. The latter has very good abrasion resist- 
ing qualities, whether cold or at moderately ele- 
vated temperatures. 

With regard to the use of “carbide” tools of 
the newer hard carbide materials, the use of 
these in Great Britain is extending steadily, but 
it is too early to state what their position will 
ultimately be in relation to the more usual types 
of tool materials. 


W. H. 
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Neumann Bands in 18-8 


ICETOWN, Putapecpuia — It is well know 

that mechanical twinning, resulting in t! 
formation of Neumann bands, frequently occu: 
in the ferrite of low carbon steel. Other metals 
are known to be subject to the formation of 
mechanical twins; for example, tin, zine, cad 
mium and the kamacite of meteoric iron. I hay: 
frequently suspected the presence of Neumann 
bands in austenite, but know of no published 
reference to it. Recently | have had the oppor- 
tunity of examining at the Research Department 
of The Midvale Co. specimens of 18-8 from a 
structure destroyed by an explosion and have 
observed, at low power, markings which I sus 
pected to be Neumann bands. 

Magnification at 1000 diameters, as shown in 
reveals them 


the adjoining photomicrograph, 


certainly as Neumann bands — no doubt pro- 
duced by the shock of the explosion. 


Francis B. 


Nature of a Solid Solution 


JAPAN 


is a subject of profound interest, beca' 


- The nature of solid soluti 


many important effects of heat treatment 
principally attributable to the changes wh 
occur in them. X-ray investigation has sho 
that the crystal structure of a solid solution 


2 little chromium in iron) is generally simila! 
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of the solvent (iron) and an atom of the 

ite (chromium) replaces an atom of the sol- 

t in the lattice. According to this idea all 

ms in such a solid solution are structurally 

‘ivalent, the atoms of the solute being distrib- 
uted more or less uniformly throughout the par- 
ent lattice. 

This theory may be tested by measuring the 
lattice parameters of solid solutions, computing 
their density from these data, and comparing the 
result with the density measured by Archimedes’ 
method. Phelps and Davey have done this for a 
silver alloy containing 4.34‘. aluminum. Its den- 
sity, calculated from theory, was 9.483, a figure 
correct to +0.07°,. Actually the alloy had a den- 
sity of 9.362. 

In order to explain this discrepancy, they 
assume that the solid solution represents actual 
chemical composition between every aluminum 
atom and the surrounding silver atoms as the 
compound Ag. Al. However, if all the aluminum 
were in this compound and mixed mechanically 
with unstrained silver, the density would be 9.5. 

A more logical explanation appears to be the 
presence of pinholes in the solidified alloy. It is 
common knowledge of assavers that molten sil- 
ver will absorb gas from the air and will “spit” or 
“sprout” when partly solidified. Actual and 
careful experiments, both in melting and solidi- 
lying in a vacuum, or under potassium chloride, 
did not produce a sound ingot. 

Hence an alloy containing 1.5°. aluminum 
was prepared by S. Kokubo at the Research In- 
stitute for tron, Steel and Other Metals, using 
“chemically pure” silver (Kahlbaum) and the 
purest aluminum provided by Aluminum Co. of 
\merica. The sample was melted in the same 
manner as that employed by Phelps and Davey, 

d heated in a high vacuum for several hours 
After measuring the density it was 
‘rongly pressed in a hand press, being careful to 

oid cracking the specimen. Its density was 

i remeasured. This sequence of vacuum an- 

‘ling and compressing was continued until the 

‘ific gravity reached 9.4204. When annealed 
value of 9.1228 was recorded — this is due to 
of internal strain. 

Now if the added aluminum is assumed to be 

ved by atoms in solid silver, the lattice 

imeter would have a value of 4.019 Angstrom 
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units (according to Phelps and Davey) and the 
calculated density would be 9.450. The differ- 
ence between observed and calculated values is 
less than 0.3°. and can reasonably be explained 
by the presence of a small quantity of Al,O, in 
the alloy. 

On this basis, the discrepancy between the 
experimental density and the calculated density 
does not afford any ground for the hypothesis 
that the aluminum in the solid solution is chemi- 
cally combined with silver. 

Koraro Honpa 


Vacuum Melting 


on a Large Scale 


CHWEINFURT, Germany Undoubtedly the 

art of melting and casting metals and alloys 
in a vacuum has been most highly developed 
in our country by the Heraeus Vacuum Smelting 
Co. in Hanau,:a subsidiary of the Heraeus Plat- 
inum Works, well-known for its products used 
by scientists everywhere. 

The theory of vacuum melting is old, and 
other organizations in Germany have sought to 
convert the theory into practice, but it was W. 
Rohn of Heraeus’ staff who finally succeeded in 
bringing vacuum melting to significant technical 
utilitv. The first impetus was felt during the 
War when platinum was very scarce and strictly 
rationed. For the manufacture of thermoclec- 
tric pyrometers for a multitude of essential op- 
erations up to 2000) it appeared necessary 
to depend on base metals. In such a temperature 
range only nickel and chromium and their alloys 
could be considered. However, uniformly pure 
and uncontaminated metal was necessary in or- 
der that the elements could be interchangeable 
and even useful without expensive and elaborate 
calibration of each thermocouple installation. 
Hence came the desirability of vacuum melting 
of the original ingot from which the wires were 
to be drawn. 

The first vacuum melting furnace for com- 
mercial production, therefore, was built at the 
beginning of 1917; its capacity was only 5 Ib. of 
metal! But truly reproducible alloys were suc- 
cessfully manufactured with it, alloys whose ther- 
mal electromotive force bore a fixed relation to 
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that of platinum vs. platinum-rhodium thermo- 
couples within the working range to an accuracy 
of + 15° or 20° F. 

Soon after this initial success with thermo- 
couple wires, production of lead-in wires for in- 
candescent lamps was undertaken. Next came 
wire for dental purposes, and gas-free metals 
for X-ray tubes, and more recently alloys for 
radio tubes. It has been amply proved that base 
metals, when vacuum melted, can be prepared 
with the same degree of accuracy as was formerly 
possible only with the rare metals. The techni- 
cal applications of the commoner metals have 
therefore been correspondingly increased. 

An idea of the furnace development can be 
acquired from the following table showing the 
furnace capacities available in the respective 
vears: 

Capacity of 


Year Largest Furnace 
1917 9 Ib. 

1919 25 

1920 50 

1922 90 

1924 500 

1926 3000 

1933 9000 


To celebrate the tenth anniversary of its 
founding, the Heraeus subsidiary has issued a 
140-page brochure recounting the developments 
in the decade just past —a book which will de- 
light every metallurgist who can read German, 
recounting as it does the successful culmination 
of an enormous amount of scientific and techni- 
cal work. 

Vacuum melting in a coreless induction fur- 
nace involves two important features other than 
the mechanical difficulties of housing a large 
melting unit in an air-tight container and keeping 
it exhausted to very low pressure: (a) A method 
of pouring without breaking the vacuum, and 
(b>) a satisfactory lining material. 

The first is solved by building the mold as 
an extension of the pouring lip, and at the proper 
time tilting the entire unit so the metal is trans- 
ferred from the melting basin into the ingot 
mold. In pouring into a mold under a vacuum, 
however, difficulties result from the fact that, 
without an air cushion, the metal being poured 
strikes so hard against the sides of the mold that 
it is soon destroyed. These difficulties led Dr. 


a4 


Rohn to build a special water-cooled copper 
mold, which has become more and more impor- 
tant in pouring technique. While cast iron molds 
‘an be used in normal steel manufacture for 
from 130 to 150 ingots, molds made of soft cast 
steel with high melting point and coated with 
insulation will withstand not more than three 
heats when pouring 4% to 2-ton ingots under a 
vacuum. However, as was noted in Zeitschrift 
fiir Metallkunde in 1927, several years passed 
before water-cooled copper molds were success- 
fully manufactured. 

Difficulties with linings occur because the 
entire furnace must be cooled before it may be 
opened to remove the ingot. Each melt, there- 
fore, involves a wide temperature cycle in the 
lining. To avoid cracks it is necessary to keep 
the external portion of the lining in a plastic 
condition where it is in contact with the cooled 
conductors, whereas it must be adequately sin- 
tered on its inner surface in contact with the in- 
candescent metal. This is done by ramming 
granular refractory mixed with a little non- 
volatile binder inside a heavy steel form, and 
turning on the current so as to heat this form 
almost to melting, thus baking and fritting th 
very inside of the freshly tamped lining. 

Dr. Rohn gave a lecture in 1928 before th: 
deutschen Gesellschaft fiir Metallkunde on th 
properties of vacuum melted metals, which ex- 
haustively discussed the subject of gases in me! 
als. (A résumé of this lecture is given in Ze! 
schrift fiir Metallkunde in 1929.) One of the 
most notable properties of alloys melted in a 
vacuum is the improved ductility over alloys 
of the same composition melted in atmospheric 
furnaces — that is to say, vacuum melted metals 
and their alloys can be much more easily drow? 
to wire and rolled into sheet, strip, and s« 
less tubes. Great savings are made in the fa! 
cation of very fine wire, for instance, by reducing 
the number of process anneals. Furtherm 
some metals, like copper, which normall) 
made with considerable oxide inclusions, 
weldable without damage if melted under s 
conditions as to be oxygen-free. 

It is important, however, that a true vac 
be maintained in the furnace for a suftici: 
long melting and degasifying period. 

Hans DierGArtes 
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‘ORRESPONDENCE AND FOREIGN 
Various Forms of Graphite 
= and Cementite in Cast Iron 
Ids LOBEN, AUSTRIA Judging from the great 
lor - number of recent publications on cast iron, 
ast metallurgists are in general agreement on the 
ith most important facts as to its microstructure. 
pee fhere is, however, a regrettable confusion of 
Bos terms, especially those associated with cemen- 
rift tite and graphite appearing at different stages 
ed in the history of the sample. Consequently the 
= following suggestions are made in the hope that 
they may, if adopted, lead to more precise think- 
he ing and descriptions without danger of misun- 
be derstanding. There is no need to abolish terms 
eal which have been in use for a long time, as for 
he instance “temper carbon.” But since this may 
ep sometimes be a mixture of graphites having four 
lic different origins, it is evident that one term like 
ed temper carbon is not sufficiently precise. 
nal Primary Cementite; Primary Graphite: There 
- isno doubt about the meaning of these two terms. 
ng Eulectic Cementite is cementite which forms 
a the metastable eutectic with austenitic crystals. 
— In most cases it is not pure Fe,C; it contains more 
= or less silicon, manganese, and probably other 
he alloved elements. 
Eutectic Graphite is graphite crystallized di- 
- rectly out of the molten state, simultaneously 
with the (later decomposed) eutectic austenitic 
- crystals. Together they form the stable eutectic. 
t [his graphite usually appears in the form of 
needles (plates) of different length and_ thick- 
"= ness, and is found in pearlitic gray cast iron. 
a lf the needles are small enough and if there is 
ys no coarse primary graphite, the best tensile 
strengths are reached. 
Decomposition Graphite is formed in the 
. solid state by the decomposition of the eutectic 
cementite. Together with the decomposition 
product from the eutectic austenite, it forms a 
culectic stable at low temperature, which, of 
irse, is different from the one already men- 
ned. Decomposition graphite appears in finest 
lules and needles of which the length and 
ith are from 1° to 10% that of the eutectic 
phite. It is to be emphasized that in most 
. s the matrix is also decomposed into ferrite, 


e the carbon contained in the decomposing 
enite attaches itself to the decomposition 
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graphite, increasing the latter’s size a small 
amount. One might call this eutectic the “true 
stable eutectic,” as the two components are the 
truly stable ones in the iron-carbon system, ex- 
cept for the difficulty that neither of them exists 
at the true eutectic temperature. 

Secondary Cementile separates because of 
the difference of solubility of carbon in gamma 
iron between the eutectic and the eutectoid tem- 
perature (approximately 2080° and 1330° F. re- 
spectively). This cementite is also a complex 
carbide, Fe.C, containing silicon and other ele- 
ments. Under the microscope it may appear as 
straight needles in regions formerly occupied by 
austenitic crystals. Very often it cannot be 
found, as it is attached to the eutectic cementite 
in white cast iron or is decomposed. 

Secondary Graphite: Graphite separating on 
cooling because of the diminishing carbon solu- 
bility (as in the case of secondary cementite). 
It very seldom exists alone; usually it appears 
together with decomposition graphite, as for in- 
stance in malleable castings if there is a pearlitic 
matrix with “free carbon.” This latter, often 
called “temper carbon,” consists in this case of 
decomposition graphite and secondary graphite. 

Pearlitic or Eutectoid Cementite: There is 
no doubt about the meaning of this term. Pearl- 
itic cementite is in most cases alloyed, like the 
other forms of cementite. 

Eutectoid Graphite is the stable form of car- 
bon corresponding to pearlitic cementite. Al- 
though it exists, it is seldom found because it ts 
attached to the decomposition graphite and the 
secondary graphite; together with them it forms 
“temper carbon.” 

Tertiary Cementite is cementite separating 
from ferrite because of the diminishing carbon 
solubility in alpha iron from eutectoid to room 
temperature. 

Tertiary Graphite is stable carbon corre- 
sponding to tertiary cementite. The latter two 
are very small in amount — usually submicro- 
scopic — and of no great interest in cast iron. 

One advantage of the above classification is 
that it contains within itself the generally ac- 
cepted ideas concerning the stable and the meta- 
stable systems, and that with obvious modifica- 
tions it can be applied to the newer alloyed cast 
irons. RoLanp Mirscut 
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THe Ciemistry or Soups, by Cecil H. Desch. 213 
pages, 6x9, bound in blue cloth. Cornell Uni- 
versity Press, Ithaca, N.Y. Price $2.50. 


IRD": DESCH was for many years professor of 

metallurgy at University of Sheftield, Eng- 
land, and since then has become head of the 
metallurgical section of the National Physical 
Laboratory. In the interim he was at Cornell 
(fall of 1951) acting as the Baker Non-Resident 
Lecturer in Chemistry and the present book con- 
tains the substance of the lectures delivered then. 

In view of Professor Desch’s interests, much 
of the content of this book has to do with metallic 
solids, and in fact with the physics of the crystal- 
line state rather than the chemistry thereof. Con- 
sequently, the book has great interest to metal- 
lurgists; furthermore the text is very easy to read, 
and inquiring students can consult hundreds of 
sources mentioned in footnotes. For instance, in 
the chapter on “The Crystal Boundary,” evidence 
is gathered from the literature of the whole 
scientific world showing how little we really 
know about that subject. Actual nature of the 
intererystalline cement has most practical value 
on its relationship to the strength of metals; Dr. 
Desch evidently does not believe in the amor- 


phous theory, for he observes that “since it has 
been shown that atomic attraction is practically 
insensible at a distance of two atomic radii, it is 
unlikely that liquid molecules trapped between 
two growing crystals would be so equally at- 
tracted as to remain in a random arrangement.” 

Another most interesting lecture has to do 
with the mosaic structure in crystals —- those sub- 
crystalline units which are suggested by many 
metallographic prints of coarse crystalline metal, 
either lightly etched, or deeply etched into pits, 
and by the regularity of slip bands after plastic 
flow. Many lines of reasoning support this infer- 
ence; for instance, their presence explains cer- 
tain anomalies observed in X-ray diffraction 
figures. Again, if these units have weak borders 

quasi cracks the fact that metals are so 
much weaker than their atomic cohesion would 
seem to require, is explained. “One is almost 
compelled to assume the existence of such 
loosened regions in order to explain the phenom- 
ena of diffusion in the solid state.” says Dr. 


Desch. (Continued on page 48.) 
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‘*This complete and authoritative volume.”’ 
H. W. Gillett in Metals & Alloys. 


THE BOOK 


OF 


STAINLESS 
STEELS 


Corrosion Resisting and 


Heat Resisting Chromium Alloys 


Nothing But 
Laudatory Reviews ! 


‘*For such an ambitious undertak- 
ing this book might have been called 
‘The Book of Knowledge of Stainless 
Steels.”. The aggregate experience, 
largely practical, here recorded by 75 
experts is enormous.’’—Leslie  R. 
Bacon, Journal, Franklin Institute. 


‘*Until the present there has been 
no book affording a comprehensive 
picture of American practice and 
usage. Mr. Thum, the editor, is to 
be heartily congratulated for having 
performed a real service to fabricators 
and consumers of stainless.’’—Amer- 
ican Machinist. 


‘All About the Chromium Steels! 
This book is literally an encyclo- 
pedia.’’—Bradley Stoughton in Min- 
ing and Metallurgy. 


‘*A full treatment of the subject of 
stainless steels and the associated acid 
and heat resisting alloys demands 
wide experience, and much specialized 
knowledge. In this book such a full 
treatment is attempted. Briefly, it 
may be said that for the most part the 
matter presented is of a high order 
and the book will have an important 
place in technical literature.’’—The 
Metallurgist, Supplement to The En 
gineer (London 


Price $5.00 


American Society for Metals 
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STILL OPERATING PERFECTLY 
WITH NO REPAIRS 


DIVE years ago, a well known railroad designed and 
built this ear type furnace for annealing end carbu- 
rizing. The oil fuel is fired into two “¢ Carberadiant” 
combustion chambers built of “Carbofrax” brick 
and tile—the Carborundum Brand Silicon Carbide 
Kefractory. The combustion gases then pass to the 
charge through properly spaced openings in the cham- 


r tops. 


The result of us sing the “Carboradiant™ method of 
tring has been five years of proper heat delivery to the 
vork. uniform te mperature distribution throughout 


tory Division) Perth Amboy, N. J. District Sales Branches: Chic age, Cleveland, Detroi 


the furnace, extremely low fuel consumption, and sim- 
plified control since only two burners are required, 

Add to these advantages economy of upkeep. There 
have been no repairs to chambers or furnace. These 
results are due to the high heat conductivity, the 
strength and durability of “Carbofrax.” plus the effee- 
tiveness of “Carboradiant’ chamber firing. 

pron to other types of furnaces with similar 
advantages. Engineering data on request. 


“CARBOFRAX” 


The Carborundum Brand Silie on Carbide Refractory 


BRICK - TILE - MUFFLES - HEARTHS - CEMENTS 


t. Philadelphia, Pittsburgh Agent«: L. MeCennell, Birmingham, Ale Cheriety 


| 
THE CARBORUNDUM COMPANY 


Company, St. Louis: Harrison Company, Salt Lake City, Ltah; 


Williams and W ileon, Lad... Montreal. Toronte, Canada. (Carborundum and Carbeotrax are 
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Abrasive Supply Co Los Angeles, San Francisco, Seatth Denver Cx 


registered trade-marks of The Carborundam Company.) 
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ELECTRIC FURNACES 


FLEXIBILITY 


WITH 


ECONOMY ano QUALITY 


Emphasizing Again— 


Two Vertical 
Retort Furnaces, 
Carburizing — Nitriding — Annealing — Drawing — at 

Lindberg Steel Treating Co., Chicago 


FLEXIBILITY of heat treating equipment, making it 
useable in numerous processes, gives exceptional 
economy in capital investment. 


Hevi-Duty Vertical Retort Furnaces have this flexi- 
bility in capital investment, and, in addition, effect 
economy and high quality products in their opera- 
tion. In CARBURIZING the cost is lowered to less 
than one-half that of pack carburizing. In the NI- 
TRIDING process the total time is reduced. In AN- 
NEALING and HARDENING controlled Atmos- 
phere is applied. These characteristics are combined 
with certainty of high quality products. ... If you 


wish to economize, and better the quality of your 
products, this furnace demands your immediate 
. « Just ask for Bulletin No. 930. 


investigation. . 
TRADE MARK 


> U.S. PAT. OFF 


HEAT TREATING FURNACES 


ELECTRIC EXCLUSIVELY 


HEVI DUTY ELECTRIC CO. 


MILWAUKEE, WIS. 
a 
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The real nature of martensite (about whi 
there is a most voluminous literature) also d: 
serves a chapter. Dr. Desch briefly cites the ey 


dence derived recent experiments  o 
thermal changes during the quenching of fin 
austenite wires in blasts of compressed hydroge: 
Moving pictures also show the instantaneous « 
velopment of full-sized martensitic needles in 
crystals of austenite. An ingenious explanation 
is also given of how the space lattice changes 
from face-centered iron to body-centered iron, 
and of the origin of the Fe,C molecule. Dr. Desch 
concludes that, simultaneously with the trans 
formation from gamma to alpha iron, carbon 
atoms formerly dissolved in the austenite unite 
with iron atoms forming molecules of Fe C (ce- 
mentite) deposited along definite crystalline 
planes in thin sheets, perhaps as little as on 
molecule thick. Hardness of martensite is ex 
plained partly by the lattice distortion during 
changes of volume during the transformation, 
and partly by lattice distortion due to the exist- 
ence of these cementite molecules (and not to the 
extreme fine grain of the ferrite, as is commonly 
supposed). Changes in magnetic properties, 
density, conductivity, and hardness with chang 
ing thermal treatments all conform to this theory 


LA CRISTALLISATION DES Meraux, by N. T. Belaiew 
129 pages, 5'2x8!, in., paper back. Institut 


de Soudure Autogéne, Paris. Price 20 francs 


N this little book, Col. Belaiew summarizes his 
researches on the crystallization of metals 
which started in his native country over 30 years 
ago, under the direction of Prof. Tschernoff, as an 
inquiry into the laws governing the solidification 
of steel in a mold. His pioneering investigations 
have been carried along by many others in mai! 
lands. Witness the very extended studies abou 
ingot practice still under way by the Iron & Stcc! 
Institute’s committee in England, and the | 
searches of Mehl and his associates in Pittsbure 
on the Widmanstatten structure. The high que 
itv of the original investigations may be 
praised from the fact that they clearly indicat 
the existence of a high temperature transforn 
tion of iron, just under the melting point, | 
before the delta modification of iron was exp: 
mentally established. 
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RADIUM 
ANNOUNCEMENT 


We are prepared to rent radium for industrial radiography. Radium offers 


many advantages with regards to its portability, ease of application and 
manipulation in the examination of castings, forgings, molds, weldings, and 
assembles.. Radium reveals the entire inner structure of a specimen. Use 


Radium when in doubt and be sure of the specimen. We invite your inquiry 


as to our radium rental plan. 


RADIUM PREPARATIONS, INC. 


1 EAST 42nd STREET NEW YORK 


Visit our Booth No. 4119, National Metal Exposition, New York City, Oct. 1-5, 1934. 


PURE CARBIDE-FREE 


Forging, Heat Treating, 
Metal Melting, etc. Tungsten Powder_.. 97-98% 
Pure Manganese... 97-99% 
Ferro-Chromium 60% 
Car type furnaces, Conveyor fur- Pure Chromium _... 98-99% 

naces, and the Stewart Gasifier Ferro-Tungsten 
Ferro-Titanium_25% and 40% 
° Ferro-Vanadium 35-40% 

A Stewart representative is located 

near you. Let us know and we will see Send for Pamphlet No. 2021 


| that he gets in touch with you quickly. 


| CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U. S. A. 


Metal & Thermit Corp. 


FLEXIBLE SHAFT COMPANY, Ltd. 120 BROADWAY, NEW YORK, N. Y. 
349 Carlaw Ave., Toronto, Ontario, Canada Albany *& Pittsburgh *& Chicago 
Eastern Branch Office: 11 W. 42nd Street, New York, nx. Y. South San Francisco *® Toronto 
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ACTIVITY 


(OF CHARCOAL 


STRENGTH 


OF PURE COAL 
TAR CARBON 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 


WITHOUT 
QUALITY 
COMPETITION 


OLDEST and LARGEST 
EXCLUSIVE MANU- 
FACTURER OF HEAT 
AND CORROSION RE- 
SISTANT ALLOY 


CASTINGS 


GENERAL ALLOYS CO. 


BOSTON CHAMPAIGN 
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ARTICLES 


WORTHY OF 


ATTENTION 


Melting, Rolling & Forging 


Running Iron Blast Furnace for Ammonia Manu- 
facture, B. M. Suslov, Iron Age, July 26, p. 22.... 
Canadian Basic Refractory for Open Hearths, J. H. 
McDonald, Iron & Steel of Canada, July-August, p. 54 

Residual Metals in -Hearth Steel, J. D. 
Sullivan, Metals & Alloys, July, 145. 

Working and Finishing ies Steels, J. R. Mil- 
ler, Heat Treating & Forging, July, p. 348 .... Bright 
and Black Steel Bar Production, Machinery (British), 
July 26, p. 504... . Bar Steel Finishing Plant, En- 
gineering, July 27, p. 106. 

Forging and Rolling Alloy Steels, J. B. Nealey, 
Steel, July 16, p. 43... . Drums of Heavy Hollow 
Forgings, E. F. Cone, Heat Treating & Forging, July, 
p. 323... . How Fabricators Are Affected by Revi- 
sions in Boiler Codes, Steel, July 2, p. 23..... : 4 Com 
parison of Cold-Headed and Machined Screws, P. 
Mabb, Machinery (British), July 12, p. 431. 

The Manufacture of Suspension Bridge Wire, F. 
A. Westphal, Wire & Wire Products, August, p. 240. 


Iron & Steel Foundry 


Specialized Foundry Work for High Speed 
Engines, Oil Engine, May, p. 18 . . . . Design and 
Manufacture of Large Tup Casting, L. Cook, Iron & 
Steel Industry, June, p. 291 . . Test Bars for Cast 
Iron, Machinery (British), June 7, p. 276. 
Elasticity, Deflection and Resilience of Cast Iron, J. 
G. Pearce, Engineering, June 1, p. 635. 

Carbon Control for Cupola Melting, J. L. Francis, 


Foundry Trade Journal, July 26, p. 55.... : Annealing 
Malleable in Small Furnace, L. J. Wise, Steel, August 6, 
p. 45. 


Nitricastiron, V. O. Homerberg, Metals & Alloys, 
July, p. 141... . Cast Iron Blocks for Road Surfaces 
E. W. Davis, Steel, August 6, p. 31. 

Welding Cast Manganese Steel, E. L. Quinn, Jour- 
nal, American Welding Society, April, p. 27... . 
duction of Alloy Steel Castings, A. W. Gregg, Trans 
actions American Foundrymen’s Asso., June, p. 56. 


Alloy Steels 


Alloy Steels Today, D. Hanson, Meiallurgia, J 
p. 75... . Effect of Various Alloys in Steel, 
Deuble, Heat Treating & Forging, Juiy, p. 326. 
Properties of Steels for Gears, T. R. Rideout, Mac! 
ery, August, p. 739. 

Characteristics Common to Carbon and A 
Steels, Edgar C. Bain, Paper for American Iron & 5! 
Institute, Iron Age, May 31, p. 29A. 

Titanium Alloys in the Automotive Industry 
F. Comstock, Machinery, June, p. 609. 

Hard Facing, C. H. S. Tupholme, Metal Ind: 
(British), May 25, p. 531 . . . . Wear Resisting 
terials for Coke Handling Equipment, American 


Journal, June, p. 31. 


Cromansil Steel, Boiler Maker & Plate Fabri: 
July, p. 174. (Continued on pag 
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@ in our eagerness to tell you 
how much we can save you on 
the cost of parts or how we can 
improve their performance or 
life, we sometimes feel we give 
too little stress to what can be 
saved in assembly costs by 
using all the versatile talents 
of Alcoa Aluminum. 


Extruded Shapes of Alcoa Aluminum will save you 
assembly costs because you make one shape (to your 
own design) take the place of two or more standard 
shapes in combinations that cost money to put to- 
gether. You save metal this 
way, too. 


Die Castings of Alcoa Alumi- 
num will save you assembly 
costs because they can be 
made what are really integral 
pieces of different kinds of 
metal by casting into proper 
position of studs, bushings, in- 
serts, etc. 


Our volume production of Alcoa Aluminum Bolts, Nuts, 
Screws, Rivets, and other standard assembly hardware 
is stocked to save you assembly costs. 


There are some very recent developments in weld- 
ing technique—torch, arc, spot and seam—that will 
save you assembly costs. 

Any Alcoa Aluminum part simplifies assembly be- 
cause it is lighter to handle. 
Alcoa Aluminum is making news 
every day. Perhaps it is some 
time since you talked with one 
of our engineers. It will pay you 
to discuss your problem with 
him. Address Aluminum Com- 
pany of America, 1801 ws 
Gulf Building, Pittsburgh. 


| *There is nothing elsewhere in this advertisement to remind you that Alcoa Aluminum 


has the tensile strength of structural steel, with 's the weight. 
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HEATING ELEMENT 
FAILURES 


A Cause 


and a Prevention 


N,. frail thing is the electric furnace heating element of 
today. Under ordinary conditions it will last for years. But 
“ordinary conditions” assume element temperatures below 
2150 F. Element temperatures only slightly above 2150 F. 
result in very rapid oxidation and premature failure. 
Element temperatures are higher than furnace temperatures 
in proportion to the Speed of Heating. The following diagram 
illustrates the effect on element temperatures of reducing the 
speed of heating by means of the LINDBERG CONTROL. 


Wy ///, 


Oxidation 


Furnace 


Temperature 


The line “A” indicates the temperature of the element with 
ordinary pyrometer control where the power is on for two 
minutes and off two minutes. The line “B” indicates the 
temperature of the same element releasing the same amount 
of heat but at a lower maximum temperature due to the ap- 
plication of the LINDBERG CONTROL which causes the 
element to be “on” for thirty seconds and “off” for thirty 
seconds. 


If you have a furnace operating at comparatively high tem- 
peratures (1700 degrees F. or greater) the LINDBERG CON- 
TROL will reduce heating element failures by keeping the 
maximum temperature of the heating elements below the 
oxidation zone. 


LINDBERG 
STEEL TREATING 
COMPANY 


221 UNION PARK CT. 
CHICAGO 
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READING LIS} 


Alloy Steels for Oil Refinery Service, W. H. \ 
wel, National Petroleum News, August 1, p. 17 . 
Steels for High Temperature Service in Petroleum 
finery Equipment, A. E. White, Oil & Gas Jou: 
August 2, p. 16.... Factors Influencing Creep of A 
Steels, A. E. White, Oil & Gas Journal, August 9, p 


Properties & Uses of Steel 


Aging of Sheets Under Strain, R. L. Kenyon, | 
Age, August 9, p. 26... . Coarse and Fine Grained 
Steels, R. L. Rolf, Heat Treating & Forging, July, p. 
331... . Erosion in Machine Gun Barrels, J. C. Gray, 
Army Ordnance, July-August, p. 34. 

New Frameless Sheet Steel Building, Sheet Meta! 
Worker, July, p. 260.... Trucks in Materials Handling 
System, A. H. Allen, Steel, July 23, p. 27... . Som 
Developments in Aircraft Construction, H. J. Pollard, 
Journal of the Royal Aeronautical Society, July, p. 
651... . Penstocks for Boulder Dam, C. M. Day. 
Mechanical Engineering, August, p. 451... . Weight 
Reduction in Mining Equipment, L. Fontaine, Canadian 
Mining Journal, July, p. 327. 


ne 


Tools 


Cutting Tool Materials, R. C. Deale, Machinery, 
August, p. 729 .... Press Tools for Bracket Plates, J. J 
McHenry, American Machinist, June 6, p. 408. 

Cutting Steel With Tantalum Carbide, J. M. High 
ducheck, Machinery, August, p. 737 .... Performance 
of Cutting Fluids When Sawing Various Metals, 0. W 
Boston, Transactions American Society of Mechanical 


Engineers, July, p. 527. 
Stainless Steel & Corrosion 


Fabrication of Stainless Steel, W. J. Wachowitz, 
Steel, July 30, p. 25... . Determination of Nitrogen 
in Corrosion Resisting Steels, C. M. Johnson, Iron Age, 
July 26, p. 10. 

Stainless Steel Commends Itself to the Railroads 
T. H. Gerken, Iron Age, August 9, p. 8... . Stainless 
Steel Subway Train Welded, Welding, July, p. 295 

Some Experiments on Corrosion, R. L. Dorrance 
Canadian Chemistry & Metallurgy, July, p. 163 .. 
Effects of Cyclic Stress on Chemical Corrosion, A. J. 
Gould, Engineering, July 27, p. 79... . The Rust 
Racket and Its Nemesis, C. C. Snyder, Iron Age, August 
2, p. 26.... Corrosion of Ferrous Metals in Acid Soils, 
I. A. Denison, Bureau of Standards Journal of Research, 
July, p. 125. 


Furnaces & Heat Treating 


Electric Furnaces for Box Annealing, A. N. Otis 
Iron & Steel Engineer, July, p. 248... . Electric Bright 


Annealing Furnaces, Obering Tamele, Heat Treat: & 
Forging, July, p. 355 .... Temperature Distribut! f 
Electric Furnaces, W. S. Scott, Iron & Steel Engi 
July, p. 257. 

Batch Furnaces for Heating, T. B. Bechtel, It A 


Steel Engineer, July, p. 245... . Pipe Furnaces 
tional Tube, J. B. Nealey, Heat Treating & Fo 
July, p. 353... . Temperature Controls for Oi 
Furnaces, W. N. Horko, Iron & Steel Engineer, 


} 


p. 266. 
Quenching Media, W. D. S. Walker, Heat Tré i 
& Forging, July, p. 334... . Nitrogen Harden 


Cr-Mo Steel, Foundry Trade Journal, July 26, p- 
Cleaning & Plating 


Efficiency of Chromium Plating, R. J. P 
Metal Cleaning & Finishing, July, p. 353... . ' 


METAL PROG 


2150°F 
A- 
| = 


ting, M. G. Whitfield, Iron Age, July 26, p. 27.... 
trolling the Character of Electrodeposits, W. A. 
hler. Metal Cleaning & Finishing, July, p. 345. 
\ Modern Rod Cleaning Installation, A. F. Carl, 
& Wire Products, August, p. 237 .... . Alkaline 
dic Pickling of High Speed Steel, R. R. Rogers, 
idian Chemistry & Metallurgy, July, p. 164. 
Painting Metal Products, R. L. Hallett, Iron Age, 
vust p.- 18. 


Non-Ferrous Metals 


Aluminum Arrives, L. K. Urquhart, Factory Man- 


nent & Maintenance, August, p. 341 .... Aluminum 
Railroad Rolling Stock, T. H. Gerken, Iron Age, 
sust 2, p. 16.... New Aluminum Alloy Ship, Iron 


Steel of Canada, July-August, p. 51... . New 
terial for Freight Cars, Railway Age, June 30, p. 
Magnesium Alloy Parts, Product Engineering, 
\ugust, p. 300... . Metallography of Light Metal Al- 
vs, A. Blumenthal, Metallurgia, July, p. 83. 
Rapid Analysis of White Metals, Chemistry & In- 
‘ lustry, July 13, p. 615... . Tests on White Bearing 
' Metals, A Symposium, Journal Institute of Metals, July, 
285. ... Finishing Ornamental Bronze, Abrasive In- 
dustry, August, p. 11. 
Properties of Some Tin Alloys, D. Hanson, Journal 
Institute of Metals, July, p. 341. 


Tests & Equipment 


Industrial Application of X-Ray Crystal Analysis, 
rhe Analyst, July, p. 487... A Method of Determining 
Thickness of Steel Plates and Castings, George M. 
Shaw (Paper for Institution of Civil Engineers), 
Foundry Trade Journal, July 26, p. 65. 

Fatigue Testing at National Physical Laboratory, 
Engineering, July 13, p. 27... . Interpreting Creep 
rests of Metals, P. G. MeVetty, Iron Age, July 26, p. 16. 

Physical Tests of Cast Iron, Foundry Trade 
Journal, July 12, p. 27... . Transverse Test of Cast 
Iron, J. T. MacKenzie, Transactions American Foun- 
drymen’s Association, June, p. 35. 
be Non-Destructive Methods of Testing Welded Joints, 
C. E. Webb, Iron & Coal Trades Review, July 27, p. 

130.... How to Use a Polariscope, E. W. P. Smith, 
Industry & Welding, July, p. 26. 
: Modern Laboratories for Research, Heat Treating 
s & Forging, July, p. 344.... Testing Sheet Steel Insula- 
tion, J. T. Nichols, Refrigerating Engineering, August, 
p. 76.... Quality Standards for Wrought Iron, Report 
to American Society for Testing Materials. 


t Theoretical & Scientific Studies 


Thermal and Electrical Conductivities of Metals 
and Alloys, J. W. Donaldson, Metallurgia, May, p. 17 
Latent Energy in Cold-Worked Iron and Cop- 
per, R. W. France, Transactions of the Faraday So- 
ciety, May, p. 450. 
Plastic Behavior in the Light of Creep and Elas- 


t Recovery Phenomena, M. F. Sayre, Transactions 
‘ \merican Society of Mechanical Engineers, July, p. 
f '.... Laws of Elastic Behavior in Metals, M. F. 


sayre, Transactions American Society of Mechanical 

Jineers, July, p. 555 .... Value of Young’s Modulus 

¢ Steel, H. H. Abram (Paper for British Iron & Steel 
litute), Iron & Coal Trades Review, June 29, p. 


Magnetic Properties of Iron-Cobalt Single Crystals, 
\\. Shih, Physical Review, July 15, p. 139 . 
tal Structure in the Working of Magnesium Alloys, 
schmidt, Metals & Alloys, July, p. 149. 
Properties of Ferrite as Revealed by Scratch Hard- 
ests, H. W. Gillett, Metals & Alloys, July, p. 159. 
Frictional Resistance of Steel and Brass in Shrink 
W. H. Swanger (Paper for American Society for 
¢ Materials), Steel, July 30, p. 28. 
(Continued on page 58) 
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MODESTLY SUGGESTS YOU TRY 


BLAST CLEANING 


HEAT TREATED DIES, GEARS, TOOLS, ETC 


@ Scale, rust and dirt quickly and economically removed with Pangborn 
last Cleaning Equipment. A type for every need. ... W rite to the World's 
Largest Manufacturers of Blast Cleaning and Dust Collecting Equipment 


‘PAN 


HAGERSTOWN + MARYLAND 


PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost. Our Bulletins Tell How 


For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described i" our 
bulletins S-22 and S-30. 

For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, ete., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 


4 selection from this line will definitely meet with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. & Carll St Jamaica, New York, S, Y 
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ASK FOR THESE HELPFUL BOOKLETS 


Properties of Stainless 


Carpenter Steel Co. offers (to 
manufacturers in U, S. A. only) a 
handy pocket size slide’ chart 
which gives at a glance a summary 
of technical data on all Carpenter 
stainless steels. Bulletin Se-12. 


Aluminum vs. Corrosion 


In a carefully prepared booklet 
of Aluminum Co. of America, effects 
of various corrosive agents upon 
aluminum and its alloys are de- 
scribed in detail. It is an excellent 
source of information on this sub- 
ject. Bulletin Sp-54. 


Zinc Plating 


Those interested in plating will 
find interesting material in a book- 
let of the R. & H. Chemicals Dept. 
of du Pont which describes plating 
with Duozine, a mercury-contain- 
ing zine anode with marked pro- 
duction properties. Bulletin Ar-29. 


Heat Treating Manual 


A folder of Chicago Flexible 
Shaft Co. contains conveniently ar- 
ranged information on heat treat- 
ing equipment for schools, labora- 
tories and shops, and also illustrates 
the several types of Stewart indus- 
trial furnaces. Bulletin Ar-49. 


Bright Annealing 


Electric Furnace Co. tells about 
their controlled atmosphere fur- 
naces for continuous deoxidize an- 
nealing, bright normalizing and an- 
nealing ferrous and _ non-ferrous 
metals. Work comes clean, bright 
and dry from these furnaces. Bul- 
letin No-30. 


Heat Resisting Alloys 


Authoritative information on al- 
loy castings, especially the chro- 
mium-nickel and straight chromi- 
um alloys manufactured by General 
Alloys Co. to resist corrosion and 
high temperatures, is contained in 
Bulletin D-17. 


Structural Bronze 


Olympic Bronze, a high copper 
alloy containing silicon and zinc, 
is suggested by Chase Brass & Cop- 
per Co. for structural and engineer- 
ing purposes. A new booklet gives 
many interesting details about its 
use. Bulletin M-59. 


New Furnace Control 


A new and unusual instrument 
for controlling heating rate of elec- 
tric furnaces is announced by Lind- 
berg Steel Treating Co. An inter- 
esting folder tells how this device 
“turns down the heat” on any size 
electric furnace. Bulletin Ar-66. 


54 


Non-Ferrous Annealing 

General Electric Co. describes 
bell-type furnaces for annealing 
non-ferrous metals in a new folder 
which gives many data on opera- 
tion and performance. Description 
is from technical rather than sales 
angles. Bulletin Ar-60. 


Testing with Monotron 


Shore Instrument & Mfg. Co. of- 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately un- 
der all conditions of practice. Bul- 
letin Je-33. 


Localized Treating 


American Gas Furnace Co. offers 
information on _ production ma- 
chines for localized hardening, 
tempering or annealing of tools, 
saws, springs, screws and machine 
parts of all kinds, using gas as 
fuel. Bulletin Ag-11. 


Homo Tempering 


Leeds & Northrup Co. introduces 
a specialized Homo furnace for 
tempering heavy, dense loads of 
small particles. Production can be 
multiplied as much as four times. 
Complete description is given in 
Bulletin Je-46. 


Quenching Handbook 


E. F. Houghton & Co. have pub- 
lished an excellent 80-page hand- 
book on the subject of quenching. 
More than 30 charts and photomi- 
crographs help tell the story. A 
copy will be sent free to those who 
request it. Bulletin J1-38. 


Copper Welding Rods 


American Brass Co. describes in 
complete detail the welding proper- 
ties and individual characteristics 
of 14 different copper alloy weld- 
ing rods. The 16-page booklet also 
makes specific recommendations of 
welding procedure. Bulletin Je-89. 


Optics in Metallurgy 


Many uses for optical instruments 
in metal working are described in 
a new booklet of Bausch & Lomb 
Optical Co. Photomicrography is 
prominent, but this well illustrated 
booklet shows many other inter- 
esting optical instruments.  Bulle- 
tin No-35. 


Roll Grinding 


Carborundum Co. has published a 
50-page handbook on roll grinding 
containing a great store of infor- 
mation on this subject. Carefully 
written and illustrated, this treatise 
has real practical value. Bulletin 
Au-57. 


Thermit Welding 


Metal & Thermit Corp. offers 
new booklet showing all the pos. 
sibilities of Thermit welding, ex- 
plaining the action, and telling in 
detail how representative Thermit 
welds can best be made. Well illus 
trated and clearly written. Bulletip 
Ar-64. 


Hardness Testing 


Men interested in hardness test- 
ing may find it worth while to read 
the recent catalog of Wilson Me- 
chanical Instrument Co. which de- 
scribes the latest design of Rock- 
well hardness testers and auxiliary 
work supports. Bulletin Sp-22. 


Cold Drawn Shafting 


Union Drawn Steel Co. has an 
interesting and attractive booklet on 
cold finished shafting. The com- 
plete story of its manufacture is 
told, and recommendations for spe- 
cific applications are given. Bul 
letin Ar-83. 


Nickel Cast Iron's Uses 


The role of nickel and _ nicke! 
chromium cast iron parts in such 
applications as fabricating sheet 
metal, pressing and forging is in- 
terestingly explained in a new pai- 
phlet of International Nickel Co. 
Bulletin Ag-45. 


Steel Specifications 


A handy, up-to-date specification 
sheet for carbon and alloy steels is 
offered by Timken Steel & Tube Co 
On one page are printed analyses of 
all important types of Timke! 
steels. Bulletin Jy-71. 


18-8 Steels 


Republic Steel Corp. has pr 
pared a new 16-page booklet ¢!' 
ing up-to-the-minute data on 
duro 18-8 stainless steels inc! 
ing their several special analyses 
Authentic metallurgical and fabr! 
cating information is given. ' 
letin Je-8. 


Controlled Steels 


Carnegie Steel Co. has published 
a very interesting booklet w! 
describes in some detail the pr: 
control used in the product 
uniform steels. Bulletin Je-8o. 


High Strength Steel 


Cromansil steel, a developme 
Electro Metallurgical Co., has 
strength and good ductility 
rolled” and is thus fine for s 
tural applications where Its + 
strength saves much dead w 
Bulletin Je-16. 
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MNardening at 2500° F. 

Cc. Hayes, Inc., describes their 
rtain Curtain electric furnace for 
iwdening alloy and high speed 
els in the range 1850-2500° F. 
uphasis is laid on the features of 
ives Certain Curtain atmosphere 
yntrol. Bulletin Jy-15. 


Big-End-Up 

Gathmann Engineering Co. briefly 
xplains the advantages of steel cast 
in big-end-up ingots, showing the 
freedom from pipe, excessive seg- 
regation and axial porosity. An 82% 
ingot-to-bloom yield of sound steel 
is usual. Bulletin Fe-13. 


Carbonol Process 

The Carbonol process of carbu- 
rizing is described in detail in a 
folder of Hevi Duty Electric Co. 
Results are said to be quicker, 
cleaner and better cases at very low 
cost. Bulletin Jy-44. 


Sheffield Steels 


Wm. Jessop & Sons, Inc., have a 
booklet which tells why a special 
anneal and a proper balancing of 
carbon, manganese and _ tungsten 
combine to make Sheffield Superior 
oil hardening steel non-distorting 
and easily machinable. Bulletin 
Jn-61. 


Carburizing Boxes 

Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes. 
Physical properties at room tem- 
perature and under operating con- 
ditions are given, as are the advan- 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


Air for Furnaces 

Users of gas or oil-fired furnaces 
know the necessity for a depend- 
able source of large volumes of air 
at low pressures. A generously il- 
lustrated folder of Spencer Turbine 
Co. shows why their Turbo-Com- 
pressors give unfailing, economical 
air service. Bulletin Mr-70. 


X\-Rayed Alloy Castings 


Electro Alloys Co. describes their 
\-Ray inspection of Thermalloy 
heat resisting castings for high tem- 
perature work. Considerable data 
on the use of X-Ray tubes and 
“radon” capsules to check foundry 
are presented. Bulletin 
Oc-32. 


Heat Controller 


As a companion instrument to 
their new indicating pyrometer, 
Foxboro Co. has introduced a new 
ind inexpensive temperature con- 
troller which is dependable and 
isy to operate. Close control of 
‘emperatures is possible. Bulletin 


Uses of Molybdenum 


Climax Molybdenum Co. offers a 
eful 50-page booklet showing the 
efits conferred by alloying mo- 
»denum with iron and steel. The 
gineering data presented § are 
de clear by many tables and il- 
trations. Bulletin Au-4. 
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Metallograph 


Leitz Large Micro-Metallograph 
“MM-1". A most interesting 36-page 
publication containing numerous 
photomicrographs on the very latest 
developments in metallographic 
equipment. Special attention is in- 
vited to the arrangement for dark- 
field illumination by means of 
which detrimental reflection even 
in the most difficult cases is avoided. 
Bulletin Se-47 


Blast Cleaning 


A rugged blast cleaning cabinet 
for rapidly cleaning small work is 
described in a recent folder of 
,angborn Corp. Full information 
on the operation of this machine 
is presented; many drawings and 
pictures are included. Bulletin 
Je-68. 


Oxwelding Stainless 


Linde Air Products Co. has pub- 
lished a handbook of instructions 
for successfully welding corrosion 
resisting steels by the oxy-acetylene 
process. Welding procedures and 
weld treatments are carefully ex- 
plained. Bulletin Jy-63. 


Atmosphere Furnaces 


An interesting folder of Service 
Combustion Corp. gives perform- 
ance data on their atmosphere fur- 
naces in actual production bright 
annealing of ferrous and non-fer- 
rous metals and carburizing, nitrid- 
ing, forging and hardening with- 
out seale. Bulletin De-51. 


New Tempering Furnace 


American Electric Furnace Co. 
has a new, low-priced electric air 
tempering furnace. It heats to 600° 
F. in 5 min. and to 1000° F. in 15 
min., transferring heat to work 50 
times faster than still air and 6 
times faster than salt. Bulletin 
Mr-2. 


11 Stainless Steels 


Pertinent facts on 11 different 
types of Bethadur and Bethalon cor- 
rosion resisting steels are presented 
in a 40-page Bethlehem Steel Co. 
booklet. Advantages and limitations 
of each type are frankly presented. 
Bulletin Fb-76. 


Induction Furnaces 

A publication of Ajax Electro- 
thermic Corp. tells of the develop- 
ment, operation and uses of com- 
mercial Ajax-Northrup coreless in- 
duction furnaces energized by 
generator sets. Bulletin 
Jr-41. 


Manual of Pyrometry 

Brown Instrument Co. offers an 
elaborate manual which describes 
the 50 exclusive features of their 
potentiometer pyrometer. The book 
will greatly interest those who must 
maintain accurate’ temperature. 
Bulletin Jr-3. 


Kanthal Alloys 

S.K.F. Steels, Inc., offer a descrip- 
tive booklet on Kanthal alloys. Cer- 
tain of these alloys may be used as 
resistance elements; others are for 
furnace parts or other heat resist- 
ing applications. Full details are 
given in Bulletin Je-78. 


X-Rays in Industry 

General Electric X-Ray Co. has 
available a profusely illustrated bro- 
chure which gives the complete 
story of the industrial applications 
of X-Rays, the modern inspection 
tool. Bulletin Ma-6, 


Cast Vanadium Sieel 

Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings contain- 
ing various percentages of vanadi- 
um. Bulletin S-27. 


Pickling Inhibitors 

A pamphlet describing the na- 
ture and use of Grasselli Inhibitors 
is offered to those interested in 
pickling. A feature is a table of 
inhibitor strengths recommended 
for pickling various steels.  Bul- 
letin Ap-95. 


Hectric Furnaces 

The electric furnaces made by 
Hoskins Mfg. Co. are well presented 
in their latest catalog. Contents in 
clude data on 17 types of furnaces 
and some valuable information on 
Chromel resistance wires and ther- 
mocouples. Bulletin Sp-24. 


Metal Progress 
7016 Euclid Ave., Cleveland 


Please have sent to me without charge or obligation the following 
Literature described in the September issue. (Please order by number only.) 
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Columbia 


TOOL STEEL 


“Why is CLARITE 
High Speed Steel actu- 
ally better than others? 


The answer is in the 
manufacturing specifi- 
cations and careful 
workmanship.’ 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE ANQ 
500 E. 147TH STREET. CHICAGO HEIGHTS. ILLINOIS 


CHASE 


OLYMPIC 
BRONZE 


Although a high-strength, tough 
and corrosion-resistant alloy, it 


can be used on screw machines. 


For literature write to: 


CHASE BRASS & COPPER CO. 
Incorporated 


Subsidiary of Kennecott Copper Corporation 


WATERBURY, CONN. 


CHROMIUM STEEL. 


(Continued from page 21) class of alloy ins: 
as its resistance to oxidation at elevated tem; 
atures is concerned, by the titanium additi 
This is undoubtedly due to the fact that titani 
combines with carbon to form stable carl 
and permits more of the chromium to go j) 
solid solution. Chromium carbides in the: 
selves are very resistant to corrosion and high 
temperature oxidation, but when precipitated do 
not benefit the solid solution, as they impoverish 
it in chromium. It has been suggested by cer 
tain investigators that there is a difference in 
potential between the carbides and the solid so- 
lution which promotes electrolytic corrosion in 
mediums which will carry the current, and this 
has been found to be true in many instances. 

An interesting experiment was conducted 
upon a number of alloys to bring out their rela- 
tive resistance to high temperature oxidation. 
Specimens approximately 42 in. diameter and 
11, in. long were subjected to a temperature of 
1500° F. for a period of several weeks in an elec 
tric furnace open to air at the ends. Tempera- 
ture was closely controlled by an automatic 
regulator. Each week samples were examined, 
scale knocked off and loss in weight measured 

Cumulative loss in weight is plotted agains! 
time in weeks in the curves on page 20. Com- 
pare curves 8 and 3, which show the effect of 
titanium in improving the resistance to oxidation 
in the 4 to 6° chromium alloys. 

In general, the 4 to 6% chromium alloys 
with or without molybdenum or tungsten are nol 
recommended for service above 1100° F., as they 
then oxidize rather rapidly. However, if titanium 
is present it is believed that certain services can 
be recommended up to around 1400° F. 

Creep values have been determined on al! 
types of the 4 to 6% chromium alloys. It is vor 
difficult to make comparisons, as there are » 
many possible errors which can be present | 
creep testing that it is really unfair to compar 
data from different sources unless the tests wer 
all made in an identical manner, using identica 
equipment. It can be stated with some certain! 
however, that the titanium-bearing material p 
sesses creep strength equal to that of the st 
without titanium, and it will probably be fou! 
eventually that the creep values are actua! 


somewhat better. 


METAL PROGRES 
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IN CORROSION-RESISTANT STEEL 


% Following in the footsteps of the food and 
lairy industries, the textile industry is using 
stainless steel to resist corrosion. For dye 
vats, tanks, buckets and many other uses, 
stainless steel provides a material that re- 
sists chemical action, is easily cleaned and 


is strong and durable. 


These containers made of 22 gauge stain- 
less steel are oxy-acetylene welded and 
the joints, as well as bodies, are resistant to 
corrosion. They were welded without the aid 
of jigs and every weld is perfect, due to 
proper design and proper welding. 

Stainless steel is easily welded into equip- 

ent for all industries. Its use is indicated 

here corrosion resistance and strength 


joints and base metal are important. 


°TEMBER, 1934 


The folder “Stainless Steels and Their 
Uses” presents in brief form pertinent infor- 
mation on the uses of this modern metal. A 
copy will be sent to you without obligation. 


Write for it today. 


ELECTRO METALLURGICAL COMPANY 


PRODUC! OF A UNIT OF You are cordially in ed to sit the 

exh ns it Cort 

at Cl s 4A Pr ss Ex 2 
CARBIDE AND Here you will see isers 
CARBON CORPORATION 

I sses ped by Units of U j 
arbon umqu 
clentific Ir u u 7. s and § 4 s 
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CARBIDE and CARBON BUILDING EAST 42nd ST., NEW YORK, N.Y oa 
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Radiographic Area of Same Box 


We Have Talked a Lot About... 


“X-RAYED THERMALLOY 
CASTINGS”... 


But. . - 
One Glance at the Above, Tells 
+A Story without Words.” 


THE ELECTRO ALLOYS CO. 
BEL OR 


“Quality” Castings Since 1919 


Thermalloy 


CASTINGS FOR 
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Welding Processes 


Are Welding, D. S. Black, Electrical Review, Jy 
eS eee Arc Welding in Transportation, A. |} 
Davis, Journal American Welding Society, July, p. 

New Methods of Oxy-Acetylene Welding, R. My 
lier, Welding Industry, July, p. 179 .... New Mult 
Flame Process Increases Welding Speeds, S. C. Clar!} 
Petroleum Engineer, July, p. 30. 

Welding Rod Coatings, L. G. Bliss, Welding, May 
p. 203... . Specifications of Welding Rods for Cas} 
Iron, L. J. Tibbenham, Welding Industry, July, p. 173 


Welded Joints & Design 


Elements of Joint Design, H. R. Bullock, Industry 
& Welding, May, p. 18 . . . . Peening or Caulking, C. 
J. Holslag, Welding Journal, May, p. 140 . . . . Con- 
traction Stresses in Welds, Hans Schmuckler, Welding 
Industry, April, p. 74... . Determination of Initial 
Stresses, Josef Mathar, Journal American Welding So 
ciety, July, p. 24. 

Weld Metal Contamination, H. Harris, Welding In- 
dustry, May, p. 107 . . Mechanical Properties of 
Weld Material, J. L. Adam, Iron & Coal Trades Review, 
April 13, p. 605. 

Relative Rigidity of Welded and Riveted Connec 
tions, C. R. Young, Canadian Journal of Research, 
July, p. 62.... Nature of the Bond in Bronze Welding, 
A. A. Jackman, Journal American Welding Society, 
July, p. 5. 

Proper Promotion of Welded Steel Fabrications, 
Everett Chapman, Paper for American Iron & Steel 
Institute, Iron Age, May 24, p. 21. . . . Aircraft Weld- 
ing Control, P. N. Jansen, Welding, May, p. 209. 


Welded Structures 


Rail End Welding, Railway Engineering & Main- 
tenance, June, p. 318 . . . . Welding on Railroads, In- 
dustry & Welding, April, p. 4 . . . . Rail Welds in 
Detroit C. W. A. Project, Welding, May, p. 199. . 
Are Treatment of Rail Ends, Industry & Welding, June, 
p.4.... Restoring Battered Rail Ends by Welding, B. 
C. Tracey, Journal American Welding Society, June, p 
13..... Railroad Track Welding, Charles Wise, Weld 
ing, Juiy, p. 284 Welding of Switch Points, 
Frogs, and Rail Ends, Charles Wise, Railway Engineer 
ing & Maintenance, August, p. 429 .... Welding Loco 
motive Tires, Industry & Welding, July, p. 2. 

Enameled Welded Vessels, Welding Industry, 
April, p. 69 .... Essentials of Welded Chemical Plant, 
J. Hinde, Welder, May, p. 161 .... Welded Structures 
for the Chemical Industry, Welder, May, p. 169 . 
Welding in Chemical Industries, C. O. Sandstron 
Chemical & Metallurgical Engineering, July, p. 36. 

Welding for Steel Frame Buildings, A. R. Moon 
Welder, June, p. 210... . Structural Welding in a 
Power Plant, H. M. Priest, Journal American Welding 
Society, June, p. 2... . Welded Steel Buildings, FP 
I. Baker, Western Machinery & Steel World, July, |} 
195 .... Welded Framework for an All-Glass Hous¢ 
Welding Engineer, June, p. 15... . Observatory 
of Are Welded Steel, Steel, July 23, p. 41. 

Welded Highway Bridges in Germany, Otto Bond) 
Welder, June, p. 196 .... : Arc Welding for Bridg 
Construction, LaMotte Grover, Civil Engineering, Ju!) 
p. 361..... Design and Construction of Welded Bridg 
hk. W. P. Leonhardt, Welding Engineer, July, p. 23 . . 
Investigation of Welded Bridges, G. A. Nikolaie! 
Journal American Welding Society, July, p. 19. 

Electric Welding of Pipe Lines, H. C. Price, P: 


troleum Engineer, Midyear, p. 25. 
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